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FI ELD OF THE | NVENTI ON The invention relates to a nethod of reducing the
nol ecul ar, welghpde¢ and ti ssue damage done by reacti vecpxyapBessPecCi es
(ROCS). The invention also relates to ce-l/al n conpounds, especially certain
pepti des and peptide derivatives, that bind netal ions, particularly
Cu(ll). The binding ofnetal ions by the conpounds oftheinvention inhibits
the formation and/ METALLBINGINGCOMPOBNDSANDUSESTYEREFOR damage done by
ROS to the conpounds thenselves (i. e., the conpounds of the invention may
act as sacrificial antioxidants). 10 BACKGROUND Reactive oxygen species
(ROS) i nclruddep breagm mol on(e. g., superoxide anion and hydroxyl, peroxyl,
and al koxyl radical's) and non-radical species (e.g., singlet oxygen and
hydr ogen per oxT%Fel)WenthmlﬁéﬁséO 2 sstior of riduding it mplasklen nellulas apdtissu¢ gameand

tissue e ep LA a
var: oty oo by PG M MERC RO PRRS Bl BpagieBd (TR Fubr
over 100 eshiesielhsestain Ipdptﬂaﬂ Mg;epnde denvmhived thashindanetaliibnsigestiduizely Cuiiec That ed

t hat ROS sti tut conmmo eni ¢ isminvol ved |n all
human di sgg‘ét‘%" r%?%lﬁ?sg?jg‘e %ql%ﬁ‘ “b‘f}“rgetsgﬁ 1ogand/gy acogiasion
(1995). FefROSMidPMar&bSEd daliafidREsy RO G the Jdﬂ{ﬁgﬁﬁds%msél% (MESRARBRPHEIPY

whi ch t hey cause cel Tul ar and ti ssue damage, ‘and their i nvol vement in

nuner ous 8f ®e Hyeationepy 2t agsacsifigial antioXidantsle. g. , Manso, Rev. Port. Cardiol .,
11, 9974999 (1992); Florence, Aust. N Z J. OpthalnoL, 23,3-7 (1992);

Stohs, J. Basic Cin. Physiol. Pharmacol., 6,205-228 (1995); Knight, Ann.
din. LabBASKGROUWD 111-121 (1995) Kerr et al., Heart & Lung, 25, 200-209

1996 Rot h, 2- 3Q5 097 | hem a/ f i
(e | oot REEHR i spedttdkos) Hiau g ae Rl () RueroRfe i S GRRIL'S! O7

Car di ovas pmrbzqd ahdalkaxyl radicals) andriontradibe sraliy (e, eﬁglet@kygen LT m&@gexﬁemﬂmwg en to
cause o nd deat |n t he

t he heart d| m in
Uni t ed St SOS&T @R} é%&%ﬁusw&&ﬁ@ﬁ%“f qeﬁ‘?]af ﬁ%é@ﬂ&céama&eoan é*éfwimeg'va%@a?
acci dengs f,ﬁyﬁﬁkﬁ)mze\&@aﬁhﬂyaf&;&@se& Bad cbnhiBaY. nﬁzeé‘cﬁﬁég hﬁ{g: bQ&ﬁIthéa’iEdErh&/ePn' ted

St at es. schem a al so occurs in other 553}% . i dney, liver, lung,
and t he i A¢&disgaprgiand pabegenicicpndiigngeanddg b gaswmé@ecbthat RS mey chustitiésst ed f or

transpl a“E&lﬁxh&P fogbAL n{egrfagggﬁﬁ&%dg.n all @Eﬁxgﬁ‘&?&s r ?tg;ﬂs RS S ﬁ:?{ ignd as a

result of surgery wWhere ow I's 1nterrup d., open surgery
and coro nﬁhq'mab%o 6365228 (J895)) F orlremd:mﬂescrrbﬁrgd{()ﬁ) thein forhatiorn, mel migchaoisms by gan;

peri Usony TRV 3 B PRl Aos e hEnthe md Bee FORMEPI it PP
resul t of desdgsseeed g CMatRY RedIPMRY @ardiol, 11, 997-999 (1992); Florence, Aust. N Z J.
Opthalmol., 23,3-7 (1992); Stohs, J. Basic Clin. Ph.ysiol. Pharmacol., 6,205-228 (1995); Knight,
Ann. Clin. Lab. Sci., 25, 111-121 (1995); Kerr et al., Heart & Lung, 25, 200-209 (1996); Roth,
Acta Chir. Hung., 36, 302-305 (1997).

Ischemia/reperfusion is the leading cause of illness and disability in the world.

25 Cardiovascularischemia, in which the body’s capacity to provide oxygen to the heart is diminished,
is the leading cause of illness and death in the United States. Cerebral ischemia is a precursor to
cergbrovascular accident (stroke), which is the third leading cause of death in the United States.
Ischemia also occurs in other organs (e.g., kidney, liver, lung, and the intestinal tract), in harvested
organs  e.g., organs harvested for transplantation or for research (e.g, perfused organ models)),

30 and as a result of surgery where blood flow is interrupted (e.g.,, open heart surgery and coronary

bypass surgery). Ischemia need not be limited to one organ,; it can also be more generalized (e.g.,

in hemorrhagic shock).



t he danmage that occurs during ischema is generally |light conpared to the
severe damage that occurs upon reperfusion of ischemc tissues and organs.

See, e.g., NOWEf26Rev. Port. Cardiol., 11, 997-999 (199271/USto@h®? J Basi c
Cin. Physiol. Pharmacol., 6, 205-228 (3995); Knight, Ann. s din. Lab.
Sci., 25, 111-121 (1995); Kerr et al. art & Lung, 25, 200-209 (1996);

Roth, Acta Chir, Hung 36, 302- 305 (1997 ROS have been reported to be
responsi bl e f olCefiparaa @%Wedaﬂ‘é%ﬁdﬁ@“ E%&Eé%efw 2y repof roeEfedrienaye Heweer

ti ssues an 71999
(1992): St §%§*‘f§’%§3§aﬁ SR ‘ﬁmg%mﬂé\,é?rgm ggperdtly F t°"”’m§£‘g205%5“’238T"ér%éi%“@?g% e

Kni ght , Anrgec@ bpon remrfysm@ef lsch@xﬁc trssmqwm argarm%): eg<évlanse,t1€ealPorf H’eadwi &
Lung, 25, 20 i 0 2:-30 1997) .
Met al |ons121 99: %2 (ﬁ%g% %}ﬁ %C éfr:?e f’“‘flolr)lhsa"mgcé’n u%%gfﬁgg rKE’i‘ﬁgtt%% and
accumul aTsl@Z‘t‘h @Eb sRQ&s in- nar(lg%};lmr-r,et E0FRRF BDthd, 2R)I200-008 (19ebe Re&(l 4Em0M
storage sites are one of mal n _causes ofthe production of ROS foll ow ng

injury, irfctudeng ﬁﬁs%‘}%e?rﬁSéW@pBﬂSdeYW!e igperted todiedespensihisfoptheseere diaage
cold, trate;ased%gs&%gﬁ S%ﬁ%gs'cﬁe?n gg%iés%do &g@ Rk O MG, 1RD). ol @Qrdfa?ow Act a

Chir. Hung., rand ifon ions, as well &as’other
transiti orP990a[1999) Btohe J Rasic Chnathysioh Pleantkacat hé,305-028 ¢ (IM)KmQIameb@En

O phy < S o ket 1959 KGh e Beork g 8.t hpiro%R s Mot
Radi cal s | 04481, 35 0@g-30pd199edi ci ne, pages 1-19 (Oxford Universi ty 1989)

Marx et al., Bi ochem J. 236, 397-400 (1985); Quinlan et at.
Phar naceut i cal Mstal wnsavpmaewrae%m(rm%lzyns @ﬁ@}s@mﬂawépetwaﬁn%ﬁwmawf(e g.,

20 cadmu rﬁ.oﬁ%ﬁﬁ&ﬁéula@mg ek EkeBikon 19&;%%13&@&1 fr%r%%og@ﬁé?;laré (91@ %f g ngm'f cafibeaeni C

and | ead ions) have been " reported depl ete sone es of the
natural arff] ﬂmtqﬂaﬁton@é?&@%ﬁ)é!owlgtr&w, mﬂ@«@;;chemaasﬂerfgsrarmnmmgsw dueto

accumul athan, olia Rofine $86es Sefbse, 80 Suiaton B8R TeofUEI Ol 1EhBY SRCOL -

6, 205-22 has Deen rep or ree copper S7ONs bi nd
nonspeciif i302430§ (1967 I@eppaammmngasmms;venfas ethaemhszﬁdﬂ rgetaliiynsiie. ) @nidigintier i dge

et al., chim Bi o Acta, . 759, 38-41 25 (19 opper j o bound to

prot ei ns &gtwng?rppqns}:g §Z’e‘?”}{ﬁpoﬁfe‘6méﬁa}yﬁﬁt}‘8f’ﬁéﬂc é?/ﬁ Eﬁe))é ggg %‘@%Qi’%ﬂsw t he

protein tamh Pﬁﬁ:&l hensRARRE! 6, |2@5—§29~(@9b}9m}we§% al. EFde RabM&Is B%%y Shgal .

Bi ochim Bio Acta, 759, 38-41 (1983); Marx et al., Bi ochem 236,
Mg@yne,

397-400 ( pxsien [ 4 A (Qefor Univessity BRED; rlodliocken. J,, 236, 398490 GW&Sr 1992).

Al bum n h h t ,
AL DU, DRRAHERD, 031 B A 35, 9 ALaaeRll B POLIG IR o © O
et al ., 2veedrots, Beruryoind mc‘zﬁﬁpﬁﬂ andsdtBer nfet) Sobk {e. @tmemc add Bag icms)®avebeePhy si ot
Ph ., 6 05-228 (19 X h .., Am J. iol. 76

Tl o S0TALE A PURRE b B o R S
attribut edaﬁﬂg&ﬂlm PO PROS 25 de0e. geS'tSIIis?JI Bakic @\ UPhysioB PR&@WYicol,

physi ol ogi c un ons, including albumn's ability to bind netals
(parti cul ér ﬁﬁe‘?é) iAffhoyen it hes beeRdenored atfiee &@peﬁlwwdwammﬁ?ﬂé#xécp@\%t

steroids, cb?‘ﬂﬁbsﬁﬁ' dsskitAN$ RO ﬁroteﬁx‘ @uﬁ&mg@ et 410 B%ﬁl# Reprii g, PRd3QLbers.
See, e.g., and CGutteridge, Arch. Bio
25 {1983)), copper ions bound to proteins can still cause the productmn of ROS which damage at least

the protein to which the copper ions are bound. See, e.g., Gutteridge et al., Biochim. Biophys.

Acta, 759, 38-41 (1983); Marx et al., Biochem. J., 236, 397-400 (1985); Quinlan et al., J
Pharmaceutical Sci., 81, 611-614 (1992).

Albumin has been characterized as an extracellular antioxidant. See, e.g., Halliwell and

30 Gutteridge, Arch. Biochem. Biophys., 280, 1-8 (1990); Das et al., Merhods Enzymol., 233,601-610

(1994); Stohs, J. Basic Clin. Physiol. Pharmacol., 6, 205-228 (1995); Dunphy et al., Am. J.

Physiol., 276, H1591-H1598 (1999)). The antioxidant character of albumin has been attributed



Bi ophys., 280, 1-8 (1990); Halliwell and CGutteridge, Arch. Biochem

Bi ophys., 246, 501-514 5 (1986); Stohs, | Basic Cin. Physiol. Pharmacol.,
6, 205-228V0Y¥RYS Dunphy et at., Am | Physiol. , 276PCHUI®GSSE 1598
(1999)). Al bum n contains sever al et al binding sites, including one at
the Nterminus. The N-terninal netal -Bindi ng sites of several album ns,

i ncl udi n% hurran rat and bovi.ne serum al bum ns, exhibit hlfg? affinity for
cu(l 1) alfdeYgrq piibumin many Péh%‘?ieg‘&l’:#‘H‘é“"‘iWE}P%EIa‘anmt'hseaq‘x‘ltb bind metplsy

bi ndi ng fedi ,
Bi ochem ff";‘%%“‘%%ﬁdﬁﬁéﬁ*’“b 2SR SDGER BAEA e SRR W A Sanon D

(1992) : Wiizbisk to ssavenge HOCL j hers. Chrene.g.» ﬁ@iélweﬂl@gcﬁtztzs@ dnehoBiocham. has

been rep ty. ] n [ t her
t han t hegm) % ggﬁlnﬂ) @gﬁi tl_ga?hrélpﬁ% “%sﬂ@“g%%éﬁéhe Jé'gJ"rg %Jal gﬁhsltogﬁlgauses
ext ensisvé 981@nﬁghs tJo Batib \{liinn Phpsicd.i Riesmatiol] 6t 205-298 (1895)] Dasghyan abf Amhé

"Ioose al eultlnglnthe char cterization of al bumn
as o~ 2B el A et B B0 Habuningihisithee il M| BoHBRs eodnidingsgs

397- 400 £tll%&5-}ermlﬂ%£ | TN terRiinafinetal-bih@Rg FRYbERVSall dbulifY, ﬁﬁbﬁd{ﬂﬂ(ﬂu&@ghﬁ' ne,
pages 1-19 (Oxford University 1989), [Tiwel | and Qufteridge, Arch

Bi ochem arp bsying serumpalumins, @xhibi digh-affity for S4Bt and Ni(Il) anrhe pmineiacidsal
Sci ., 81mvg;]7%d' Q4 1 %‘lb ﬁfu’cy Qﬁﬁiﬂ%‘?ﬁhi pﬁlera?{o QRAVQ gcenqgén(ﬁﬁpﬁ Sseb 9a+§§£ c?lllb umn as

a treatnent for cer 1 SC ave ovvn m Xed results has ’been
r epor t ®dBiobvadn. ABIABFP2838(1984)cIPredkinodl,, Bmehemqﬂrlﬂeétli -¥6S (1962 NMasmbka efl.,nodel s

of cerebr e B 0 13.(1998
O Romb ol GRe 2682 53T (b Ol v pren B BnEe e obps? pROT S AT Ay
Neur osur getapbinding SteLothér8hdntRshigh-affidity IBeathinabsiteqhrodike freekadifaiy which Busgd Fi OoW.

Metab., 18, 1022-1031 (1998). M xed results have al ﬁo heen obtai ned using
al buni n §¥irsiyF dampagede;plumi dt sitesilictated by the locatianat theafoass metaldindingsitehear t s.

As 1 epor te&gtiddin @eaﬁkweﬁ&atﬁh of al¥iRin k-2 “ER¥BE A antiodddre.” SiORheddt A2 BB chetm

(1999), the addition of albumn to a standard cardiopl egia sol'ution for the

pr eser Vadi 16, 397-400:(198%); Helliveel etipld fnent RadigaiolneBivlogy #ad dadisinenppeet 118ar t s
per f used, &Ja Lfnmrs?tgll g%}dgoﬁaﬁl 11 W@&%Phgé’ Arﬁpgfa%hxfné g'i??h%? Fo0. g%f%@?; rate

[ rrproved unctionin used W a cardiop ol‘ution" “cofit ai ni ng
al bum n anilasevdr,leimnhmamxéS(u B8%,0114614 AIPO2). cortl costerone, and pyruvic

acid). This S. ¥her i Stic ffect si.nce nce s.al.one . as well
as the al bumlﬁggﬂtegtﬁ or?ﬁog"gn?)tfe YRiPT Amip g 35° %ﬁf}‘?ga 5} PeRemiab6n.  An
earlier ﬂﬁpmlrngxﬂfreéuﬂtﬁrD%Eﬁbé&ﬁ@d’pbnédﬂiﬂtalwmml&l ag lEﬂdStdﬂdnl'ﬂpﬁgtoavsﬁJ dnirh41NS
cont ai ni n um

a1 bur 1, P ahigepal ey Cofpeaisit b At 391050 LSTD Ry BB 276,
HLSSL HISYH frAPR) . 2Hr9abeonetuidlinic IO Ne3A 20T S5 s

Transpl ant ati on, 52, , clited therein n anot her study,

hearts pBeduligked alsik ﬁ'e':fb BlapdiF Mgtaé $%11022-8031c@PAi ni ng al bunin i ncreased
reperfusion iyy Uk Yeshits fa I ﬂ e G d LRt % i on not
cont ai ni ng al %l}lﬁﬁ e %uzé’rg%ﬁg—b ?A 8‘1&% ﬂ% aflbunaﬁ 0 8@?’3&% fg@ 1?1?38 ?‘te Based
on t hei r pretemdyiomofttxtikeal ehnsli Assrepdited txﬁhmphy Suaketm. of Phylsiol. c2ecH U9 H 13981
al bum n ngg ngt (ﬁeen . . . . . .
25 9), the addition of albumin to a standard cardioplegia solution for the preservation of excised
hearts did not improve the functioning of hearts perfused with the solution for twenty-four hours.
Hearts did demonstrate improved functioning when perfused with a cardioplegia solution
containing albumin and several enhancers (insulin, ATP, corticosterone, and pyruvic acid). This
was a synergistic effect, since the enhancers alone, as well as the albumin alone, did not significantly
130 improve heart function. An earlier report of improved heart function using cardioplegia solutions
containing albumin was also attributed to synergism between enhancers and albumin. See the final

paragraph of Dunphy et al., Am. J. Physiol., 276, H1591-H1598 (1999) and Hisatomi et al.,



s shown to be effective for cardioprotection. They further noted that the
use of albumn in cardioplegia solutions could be unsafe due to possible
al lergic re¥Ot"/$NE and the risks associated wth the uREEVEPBod
products. Finally, although al bum n has Qheen characterized as an

ant i oxi dant it has al so been reported t o enhance superoxi de ani on

producti on ia (S et A, 21, 413-418 99

result led t é"’sﬁfﬁ"ﬁg% °t"07°s4p7éél§aga?tlfe ct‘?f‘a’(herélnbJﬁlaﬁ"t’[‘eééﬂ‘idﬁlé’e?# %fﬂ@f‘?latvﬁg‘ a
di srupt ed bl QafogigdisblutieH cohiGinink BIbERIntRtdAsed kPOt tn; R trRlibicak R d Mbgher, as
production of superoxide anion by mcroglia, and that this__incr eased

product i on ofompajseioeplitoraet mtarr@ngra&}p)@n Shpst et af. dHarrprsol Resh dGSHd ST 699%)-
neur onal dan@&@d oﬂ tgexpﬁﬁcﬁlgﬁ@ he st%xﬁx@? Eg@ﬁ'éxf é‘fall %cl@@&i R4 ABumin had not been

neur odegener ati ve di seases not ed N-term nal netal - bi ndi ng
sites of sevsipwh tabbafftcrive é)mmldmprdtncgbn aﬁ’hﬂynﬁuttlyer npted filat th@udse| of altneniin( 1 1) .

These sit s BAKGIBRSDSLUIL Ao LA BOSLE Yo R IRRALRL AL A hEETLaE!

Har f ord and @& thense of\blood préherm Res., 30, 123-130 (1997). The ATCUN rmtlf

be defi ned . bei t i t L wh h
Can 08, oT e 25 18 BheRE e B oheh o W R S MR o 5,
i nterveni ng tﬁem’iah&%u;ﬁ&dxﬁ@gﬁﬂ@n pﬁ&ﬁ.,uo@bjgrmcrdgﬁ{ {Sostd!. ard4,3ar K341 Acm?)g:tmm

Res., 30, 123-1 99 20 T the ATCUN notif. is provided, by. the
Dot | do. ol riideaeruiteis toreoulig etaemsn feakinproush i SPREFHO B B bBTS | ne.
See, e.g., HarctdigldigdabrSpdiéibtes ME GrodbdIRAof RPEroxide Bhionl BBmictlllie 1A fat thihe

Cu(l1) and Ni (11)_ are bound by four nitrogens provided by the three am no
aci ds of t heiaseshprodusiqniof pupRiOxide FﬁwéWSR?PS*Piﬁ@Tf’}e@é‘h°8€P{?‘5 o AR PRLA2PERR | de

ni trogen, aruelc@febramcﬂaﬁxgﬁm%eﬂmswnqg@&n&fnemlaae%texae%m@axséaeesa slightly distorted
square pl anar configuration. Harford and_ Sarkar, Acc. 25 Chem

Res., 30, 123-130 AGE‘EF@FPOVGSP%%?H@PWC@*@WS% gites efiseverabslbaning At high-aiinior
whi ch the AN Rhd ﬁ;(ﬁP NHesisfe0Rle Bn 5Yiod YUeSsivEly, 108 a BEAREH BlinB ekl

Cu(ll) and N (I and am no acids near these three N-term nal am no acids

may al so haveu®h @Wlﬂué’ﬁ@élgéﬁf@ﬁﬂ) Ib@trféiii&#gﬁbﬁeﬂtiﬁ@% Eeareg-aifarfosdand Smker, dece o |
Harford and é@%ﬁ%s 3%\8%3 614 (1 7&5@3%_}-& i m%a&@@de@'ﬁ?{ﬂ ))em%&l:‘seﬁttm bmﬁmChem

Res. Toxi col I nst ance, e sequence o

N-t er mi nal rmpa:ltldbwhdlhaga féet-HHpdt the DintermiB6, aéimtidimPabibmﬁltheﬂmqumW@dwos Lys
[SEQ ID NO .1 a free side-c a f t B Il p and
the Lys resi (rit]ﬁreve‘ﬁI E{;eeélhm ensorete i ’?'gaﬁgred afﬁn%/)ag%( IC%E;{?‘E%L\%%OH?? rr%@@? 9@3( 1)
and N (I 13, Thus, dacba‘(lmbnottfds ptdwaieﬂ bythe pupt:dﬂg@amepﬁamxama wWipreXspisAhyaniidis. See

Har f ord d Sar VWO 01/ PCTI USQO Ch 123 130
1069y o B B e Bot piofie 98 e HePo5Eand SHAR, e Ghert dign S0 s TR0 T

EUL- J. Bi O(Ifl Lﬁl 1) and 22(0) arl:%&zrﬂ(b@ f&t&ﬁ%};ens'ghﬁldéa' %b tméelahu’ﬁm;cheéme M(IUN i n

1 r natur rr 1 ns

o nar o af oot (B8 SHoRt S Bt SRENED RS R EES ik SRS and A ol IRt ¢

ggvizgei g 0 ?:gﬁgg&ﬁessn@dy diSefed Qude piailgaeéxmrgdaT fdrd SSal’e?gHax‘Xﬁg 1. and Barkar, Aes. ,
esS ;

M ynar z, é?l '}espgﬁ %382 %89 915&5?@%%?9@50 *Bf EPURARGT ?‘c(hm‘} the S TEONY

motif consists can be involved in the binding of the Cu(Il) and Ni(Il), and amino acids near these

three N-terminal amino acids may also have an influence on the binding of these metal ions. See,
e.g., Harford and Sarkar, Acc. Chem. Res., 30, 123-130 (1997); Bal et al., Chem. Res. Toxicol.,
10, 906-914 (1997). For instance, the sequence of the N-terminal metal-binding site of human
30 serum albumin is Asp Ala His Lys [SEQ ID NO:1}, and the free side-chain carboxyl of the N-
terminal Asp and the Lys residue have been reported to be involved in the binding of Cu(ll) and

Ni(II), in addition to the four nitrogens provided by Asp Ala His. See Harford and Sarkar, 4cc.



szei zed. hu/-sr)ec98/abstr/mynar.htm . Cu(ll) andN (I1) conplexes

of ATCUN- cont ai_ ni ng peptide: and proteins have been regorted to exhibit
super oxi d& U8 ase (SOD) activity. See Cotelle e- Pfor g.

Bi ochem , 46, 7-15 (1992); Ueda et al., sJ. lnorg. Bi ochem, 55, 123-130
(1994) to Despite their reported SOD activity, these conplexes still
produce freg,,AghCalhsiMhis6h BRERSEI AS28309 89 (16441 Hind ul es.
See Harford and Sar kaerhlJ ?@@HEQ‘ES“% g’o 1232130 (1 949 . g?&%% al .
Chem Res. &okircd|Bigchem., RO51P12001B9¥); Ueda et al., Free Radical Biol. Med.
18, 929-933 (19 I [ LQC - 94) ;
Cotelle et al. %?EAITEIQSJSHO%EP%E enfo]u"dﬁlg), egi’afgblﬁigbg%mg}%gwg}%egﬁésgaguuuénﬁ%e
has been hypgt dwesxameﬂy-bmmratpebmas tinds ptmeirxsfcotnhésiil§ tha VI 8\ mefif batesbeef
copper and ni VIV [ buta e o and
Ni (1) tc’ ﬁ%ﬁi&egonete ?*r?gf{"g’r ‘%% caﬂs%s # r}gt}%% ?1% %’%
damagi ng free. mcbbz:,abse;oesae(mvf M’ljmarzaé’tdl $:rekzazﬁqn 98c AbstrGhemttpResuw.jald 0,

123- 130 (1997 Bal Chem .(.1997) ;
Covei e ot el PooeSsBlorngl Y, Cfiand S Suptoyes et SnaifiTpedenem &
Bi ol ., 4, 544hd prdiéing KhOOGeEn reﬁh&dd&%@1ﬂ9p@$ﬁ1&h€d:ﬁmﬂis@ @amchcivitya SeCdttl)e econpl ex

of an ATCUN-C ain pepti ave . bee loited to _kill r cells
invitro and ?o}"ﬂlgohiffg}égman"t‘sr g‘ﬁﬁuiﬁgg bﬁ@’c‘?‘sap 2)58?’6'"0&"’%6?’ °P1alrzﬁd?@?la?

Sarkar, AeCDespheikeir Rpsrted SED actididy, 26k dohipiekys stlﬁLﬂJMPerrQ-_ra&' tits WiNMERAEN The
|nvent|on provi des_a net hod. of reduci ng_the danage done_by reactive oxyge

speci e: 2 5D Acrspteing and-pthes biogolecutese Se Haderd cptpatkaetecdditimiest 4P ldd180 ¢ he

ani mal an efibenibal e A0 RAS ToliEl aiw@ﬂsfﬁil(m@memmml havé RaliidahBiol iUl a Pt
- P2 or a p}%SI ol ogl cal %eaccept abl'e’ salt thereof i nvention further

provi des a MHefRb®P3d1 9% Hsd? sigl- i%@%ﬁaﬁﬁ’@’&”ﬁcﬁe”@ynﬁk&gﬁhcate?q‘§§’uef ngFg an

organ that bgsheas, 7. BYRY A Th@Fuead, [TBhs beIxhhﬁpofF@infé@%a@ﬁmﬁt'sﬁﬁé of the
contacti ng the tissue or organ with a sol ution contai ni ng an effective
B

amount  of 15t dersgftertg af pper ambnigjel i1 viya pesialitiablelpe the binding of Er@h) anddYighdq| t
t her eof . V\DA@é(rﬁfb%%nﬂ“}E{omh?cﬁ%ﬁges ke pTéh%cﬁ&\@a&Mg F%@@m&ﬂ@\s&eﬂﬁ&f&c net hod

of reducing the concentration of a netal in an anina in need thereof. The

met hod conpidSiekan das. (irenmeRqsnd0:tlg31 (189 nRal ehgl.. £t Rer-Joxisefo dMO1692h

netal - bi ndj;5gy) Pé&&ﬂé&?alhg%&g BillGerh O '1§(r1|392)- P Ko etl., Chem. & Biol., 4, 549
physi ol ogi cal | -accept abl'e sal't thereof he ‘i nventi on al so provides a

phar naceut i €H19Fd ke damaging eEentgnrodyraddy a Cplb poreplex afpe ATCUN-contaiping pensigl e

carrier agdyd,p %eeﬂ%l?ﬁlbﬂ% t6 kil cafiver Qs & RAY Bd0b PRIIGE dnli -t eREaD LA alde:
thereof. In addition, the invention provides a kit for reducing the damge

done by ROSHFIfPr‘éaM%é@BAC@lChwgﬁF\ 300 423-FR4199en renoved froman ani mal. The
kit conprises a container holding the peptide P,-P2. In the fornula P, -

PZ: to P, is Xaa, Xaa, Hi s or Xaa, Xaa, H s Xaa3; and
SUMMARY OF THE INVENTION

The invention provides a method of reducing the damage done by reactive oxygen specie:

25 (ROS) in an animal. The method comprises administering to the animal an effective amount of :
metal-binding peptide having the formula P, - P, or a physiologically-acceptable salt thereof.

The invention further provides a method of reducing the damage done by ROS in a tissu¢

or an organ that has been removed from an animal. This method comprises contacting the tissue

ororgan witha solution containing an effective amount of the peptide P, - P, or a physiologically-

30 acceptable salt thereof.



P, is (Xaa4)".. Xaa, is glycine (dy), alanine (Ala), valine (Val), I|eucine
(Leu), isoleucine (lie), serine (Ser), threonine (Thr), aspartic acid
(Asp), aspawadi/zsess(Asn), glutamic acid (A u), glutanm nBCTEW6] ysine
(Lys), hydroxylysine (Hylys), histidine (Hs), arginine (Arg), ornithine
(Orn) phenyl al ani ne (Phe) is tyrosine (Tyr), tryptophan (Trp), cysteine

t hi h bl
L7 1 0 e S U L B P g e 01

preferably Xameed meréiﬁprhemﬁﬁd Edwnpiabey adrﬂhaaenagaomemmmh effebiing amblue pf aSengl- Thr ,
Asp, Asn, ys, His, s, Met or
HVG. Xaa2 |sbﬁfl’€$8?%’b¥5“€§g)}he fograyla Ryz P org“é’(}}ys“i—%gmall?mdce esaﬂtﬁfeogo Met, His
or HVS. More pref ﬁfe@rb/'eﬁ(noxa@@prbﬁde%ﬁxan?vé’&but:ca'lhﬁmpo‘s?mbn coﬁfpn&rﬂi@.phﬁ\tﬁﬁbunmﬁgu
preferabl) Xaa,, .is Ala, Thr, or_HV5. St, g)re erabl;ga |s Ala. Xaa3 is
Ay, Aa, Vhlacce?@%“%ﬁja“@hﬁpepw &‘Hapgﬁ‘f’ AY-2GEPERL S BIF’@?er ably Lys.
Xaa4 is any am Nopagdifon, ik BRtdidn ﬁvxﬂé a%t*@edu&ﬁgﬁﬁﬂﬂﬂgydﬁmbmkomﬂlssue
preferably 0-5, and nost pref era% . 25 In a preferred emfc?

| east one of ormanahﬁtwébmrwvwmawwﬁ Thesieqrpriggsa o 1l ?ﬁpﬁ%nt,
is a D-amnopacpd. Preferably, the D-amno acid is Xaa,, Hs, or bot h. Most
preferabl) all %of the anino acids of P' other than 13-Ala, are D ami no

aci ds. | n anot heringiredparyadd - Penbodi nent, at | east one of the amino acids of

P, other thfln O-Aa |pslsg<ap§ag%}g90%adxﬁgg)@g hgas- 50% of the am no acids
of P2 are al so D-amino'aci d st preferably all of the amino acids of P;

30 are D-anmino acids. Phis(E#ei-her preferred enbodi nent, at |east one amino

acid of P, and/or,B2 b ;glg&mem @drink eases
the lipophilicity %f‘sklace"%égg? kﬁmga@%wgﬂlﬁm(v?)eire?ﬁg%{ h§ ° abi | i t( éj.o - (&B

bi nd netal i dweoninellhrhaspartisacid(emiesnaragine (sl életa§n<=taﬁé<%@pﬁlwaémﬁ¢8m 1ysme
proteol ytic ?ﬁ‘;{sYHﬁ %@Mxﬁl?%ﬁ@g ﬂé‘dd?n%%%%) 5:&{{;-@@@9, 2E90% (OZn) éﬂ&xﬁﬁﬂaﬁge (ehe,

ability of P a substituent
non- pept i des tyresizel (TyDi wprapbenf (ot dygeiat ((Gish methienine (er%md@ﬁm%lmlqer% of

the peptide kﬁwlggmggghiaelfeéébgnﬁs&én%ﬂgrb\ﬁmfk %?ngp&‘fe‘ré%ﬁﬁx%%tﬁﬁ%r ORL Mg

of reduci ng t on I n~an ani ma The "'met hod conpri ses
admi ni st eri ngrefavathBazaisiAsal an ef fecti ve anobunt of a netal - bi ndi ng peptide

> (MBP) having atipched gﬁsw ¥ %@n@%@# it ﬁ”ﬁgnabfub(’xfﬁdiﬂg{)fi%nﬁis' al

group. The netal bi ndi n%p: not
just P - P,. Ctiaghe,Ayefits, @ms,Mpt mﬁ@rﬁs pwadMerdﬁDﬁereAlar?éiﬂﬂéﬂ Hgt e%ﬂicﬁﬁsﬁg t he

damage doneo BYer I—?Msal\/f& lsOAlgafﬁ]tﬁ,?tseP@stp@e%vé@rﬂ%%@f&&%m an

ani mal . Thi’s et corrprl S s con e tissue or organ with a
sol uti on conmaqnsﬁg B, :eﬂ-iM&tMv@pafcmbktha@ﬁdemet al - bi nding peptide MBP io

having at tached ther et ana/r PRPhlfIBm, M8h, ¥, HsRHRG: FHNEHLABRILAM 0P
Xaa, is any amino acid.
Finally, n is 0-100, preferably 0-10, more preferably 0-5, and most preferably 0.

25 In a preferred embodiment, at least one of the amino acids of P,, other than B-Ala when it
is present, is a D-amino acid. Preferably, the D-amino acid is Xaa,, His, or both. Most preferably
all of the amino acids of P, other than {3-Ala, are D-amino acids. In another preferrec
embodiment, at least one of the amino acids of P, other than f-Ala is a D-amino acid, and at leas
50% of the amino acids of P, are also D-amino acids. Most preferably all of the amino acids of P,

30 are D-amino acids.

In another preferred embodiment, at least one amino acid of P, and/or P, is substituted wit}
{a) a substituent that increases the lipophilicity of the peptide without altering the ability of P, tc

bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes withouw



The invention provides another nmethod of reducing the concentration of a
netal in 01/33 {ml in need thereof. The nmethod conprises admnistering to
the ani mal’ Can &ftective amount of a netal - bi ndi ng peﬁﬂﬁsé’ BB havi ng
attached thereto a non-peptide, netal -b¥nding functional group. 15 The
invention also provides a pharmaceutical conposition conprising a

phar maceut iateridgythe mnyapit B b 6ind &ididl @ns, k) @ sGBtiAkndiiE 89 nbepipide B, havi ng
attached t ereto pepti de, netal - bindjing functiaqnal group. The

i nvention B’gﬁ}"}%‘?'& %m%" ‘P?&'mP@We%tEﬁ?Hithgt?%Pm&é‘ RFRIPY ROS in a

tissue or or ganTh&lﬂ@htld’iﬁ)’iomgﬂloﬂﬁmé‘lﬁéhJffe@ﬁ@x@ﬂhe&ﬁlnﬁ'@—!dongmw ihaltQRAI ses a
cont ai ner %I di ng.a netal - bi ndi ng &Hl de MBP having attached thereto a

non- pept i de, ef?ékha‘i’ °°Hlpﬁﬁﬁsﬁ‘b'“WﬁWEF$'6H§Ia“‘§}a gifectiveamappinie msil-binding Reatidey ot
anot her netdume) m‘vmrge@uéﬁédﬁ&rét@@n&a&a@& rqaﬂ%uQIYngrﬂﬂ@ﬁMaVﬁoﬂ?(Yﬂ@rﬂetalsﬂ?rﬁﬁdges
(ROS) in an aninmal. The method conprises admnistering to the ani nal

ef fective é’ﬁﬂtﬁiﬁNBpo‘F‘aSaberﬂél'@Ftabblﬁéphgepﬁéﬂpﬂi’td@t Bivher of the fornula P3 - L -
P31 wherei n eachinf3vedBon ARhd- B f t ichis
capabl e of binding a rre[} al |gnvmgﬂﬁog{ersmagté%eoﬁn&?g&nﬁr“gvag\ﬁgggrﬁHgg&)cs\(l)ﬁnects
the two P3pdltic@ea qreandhayhastbeer emavaddiom ananimahi r’fdvsa@th comprisgs gantatiéner ed
enbodi ment \hQfiGe o%rgéﬂ%xtﬂa%luﬁ&ﬁ%oﬁt‘éﬂm@% ﬁﬁ@tﬁ\JeQQ%Htﬁf drtetal HiRidg DYRIAL Mpp
further provides a nmethod of reducing t damage d one?) Rcﬁlnatlssue
or an or garravipgattaphed theestma nasrpspiide. metehbindingaiavanal goip.s rret hod conpri ses
contacting the i ve
amount of the Mol by o se o eeioE e ek AR At oF 8 pflal !

The i nvent iagimabingepdicsof. ddig mgthae edmerdfisesfadminisieringlg mmlmm@twaam@m@ﬁ a
metal in an gdl [ ing to
the ani mal an éﬁﬁgéﬁlﬂéeﬁlg%%?% %%hzﬁ%ng%?gﬁn%?m h%%ﬁ)gaﬂ%?iﬁgﬁélf t he
formul a P38oup. - P3. WO 01/ 25265 PCF/ USOQ 26452 8 The i nvention al so

provi des phar fRGaI |

accept abllg carrier a{llﬁ qEgi;l%rrg;ta a [}%“ﬁ‘ﬁ‘.’eﬁgggéb’?’bﬁ&’ gf)ﬁgﬁ{%%%ﬂ“ ?eg{rléﬁ?u}i?'a P3 -
L - P3. | n 2etdibl earier pivke metal dindingpeptide ViEFdigving dtiachefl thererethonipergide. nstadtanage
done by R%:ddihg@’uﬂch&ﬁl’é}oufr organ that has been renoved froman animal. The
kit conprises contai her holding the netal - s binding peptide dinmer of the
formula P, - L Thqagvenqlqila&gmomdmklttfngedqqmgmedgnagpdwmggsmqjgp{epuggqmav| ng
the fornui 3hat has; beE’r?xQ:mQ%defroﬂhéﬁsdn%ﬁ g *I'ﬁﬁiu{ dom %%QB&%& h%ﬁilﬁ atrg%%‘ﬂ{dmg"\’her ein
at | east one am no acid P" ot her ) am no acid

Furt her Pt poptisedIBRhaving aﬂ#ﬁ’b@ﬁhﬂ@tﬁ alngn-aeppéq;me@éblnémz ﬁgﬂﬂml gownul a P, - P21
or a physi ol ogi m no
acid of P, and/ g‘?él}ﬁ%n?@q)?%&%egasx}%ﬂeméé%% oFf uctn gﬂﬁ g‘%r}e{b %%{twét)ﬁ(g%&

i ncreases tsprsich {(RAY) ivian anignaly Thefmettiod Ctpmsdénwstenwo thamamiangff@h'ee amount

of a metal-binding peptide dimer of the formula P, - L - P,, wherein each P; may be the same o1

different and is a peptide which is capable of binding a metal ion, and L is a chemical group which
25 connects the two P, peptides through their C-terminal amino acids. Ina preferred embodiment, one
or both of the two P, peptides is P,.

The invention further provides a method of reducing the damage done by ROS in a tissue
or an organ that has been removed from an animal. This method comprises contacting the tissue
or organ with a solution containing an effective amount of the metal-binding peptide dimer of the

30 formulaP;-L-P,.

The invention also provides a method of reducing the concentration of a metal in an animal

in need thereof. The method comprises administering to the animal an effective amount of the

metal-binding peptide dimer of the formula P,- L - P;.



ability of P, to bind nmetal ions, (b) a substituent that protects the
peptide fromproteolytic enzynes wthout altering the ability of P, to
bi nd nmetal WOW¥2526% (c) a substituent which is a non- peREHR80/26952
nmet al - bi ndi ng functional group that inprgves the ability of the peptide to
bind nmetal ions. In addition, the invention provides a peptide having the
formula P, - P21_wherein P1 is 15 defined above, and P, is, a geﬁtiaﬂe

ce Trllc Y-

sequence whi ch cOtRIRYeRERR afsqgrovidgiAhraacutice! spRPaT UIsCRPTR&sPham

particul ar, ERp@BY¥ cAHaMAn®Ne nRlal-biGink oMl Rg: STRIBUIBAGESP; - (X@a4) m Xaa3 Hi s
Xaa2 Xaa j, (Xaad)m Hi s Xaa2 Xaa5, (Xaad4)m Xa.as Xaa2 Hi s Xaa3, or (Xaad)m

Xaas Xaa2 His, wiediionm s irvention porideea ki forredpang theydanags dage 8Y BES eadispre. NH2
and m 1S 0 rorkind YL 0o Rl %l OO Tk TR tiscl s Blihaiy RABKE U2 nlVBE

havi ng attachec ereto a non- 51 pepti de, netal-binding functional group.
Final 'y, theéindngeaptidedingr of/thelfosmuin®; tfetRl - bi ndi ng pepti de dimer of the
formula P3 - L -y P3i:,: BTl ; SpFl  An D)
Formil as of t ot r SRaG( R e iis e el e IR bR 5
of possi bl e aswupsble salitthepsvf, egirat Ba deeBmirSahid vhl | ethalittng Beids. ivf D-amimosgiat hesi s
of derivatives of fthe tetrapeptide Asp . Ala H.s.L | 5 ¢om ng
within the for rmFuaéhSIf PRV ﬁ?@ylthecl?vﬁ’iﬂﬁ’grlé DR ngnga‘é?ggahﬁggm‘ga I}!‘?Fi %’U]roé aZB) .

Fi gur e 3A- B:phjsivltgidatigacabptsh€ kaih exmol vihiein nidede bhey ahinv @sid &@, Rindfor Bsis3C- D:

Schemati ¢ di agr.a 0 nt heses  of. cycl ghexane. di am ne deri.yatiyves qgf the

tetrapepti'd é‘?%gﬂ%glwé& ﬁﬁgs tbﬁtémf"é@@’? aﬁﬁa’e?‘prﬁiﬁ%m‘e PAPUGE S %ﬁ iy t?ﬂ‘nggae

tNgt Ir]aac\%i 8 f/am?czbéel;a% %\%aﬁlemamgt(g% g@bgﬁaiémammigdegﬁgmil& forhip@teblytic enlzié | D
1], . X . igure 5 Formula ofa . .

bi spyri dyl et APPE R FiLe ﬁi\%f’ “6?”‘3 H’é‘a? ops a&ht ?%&"%é’bwg\‘ﬁa%lsﬁi“g“‘if%‘de’[ SEQ

D NO |]. Fingpidl 8mdsfiBictidral giodtat @hpowRs @RAbRYITIHRE peptidsité bind heglioss. 6B) and

w t hout (Figure 6A), . .a bound nmetal jon M 5 Figure 6C. Fornul a of, .

mesopor phyrin | XURddition thejavespion pravides & prglds hayme Mg fompula E!i ‘rs};i_v i 86 | D

NO I']. Fi gurdefined abee, XHe BSs SepfRRIGRRBESE IWAlch S6Bpristd tRibeQuefie oPh ACRIAIRAg site.

par abi otic bl ood perfusion systemin which an isolated heart is (g%erf used
in the Langdnastqiarfpdey hfvernpeidefobavinrencrens el@dpith Hisendtasdfeahe sanme

speci es.  1QuEkOURE: FKaay &EE360 Uis XDE of GRS TBAL RaaDilis) WRISERMs BRKAMSLM
hearts with &r_u%za%a%aéargﬁne in ﬁse Bar abi“?)"‘ti ¢ bl bod perfu%l on system
i || ustr at ed bayings Geprsideghain -NH, and m is 0-5.

The invention also provides a metal-binding peptide MBP having attached thereto a non-
20 peptide, metal-binding functional group.
Finally, the invention provides the metal-binding peptide dimer of the formula P;- L - P,.

BRIEF DESCRIPTION OF THE DRAWINGS
Figures 1A-D: Formulas of tetrapeptide Asp Ala His Lys [SEQ ID NO:1] showing points
25 of possible substitution,
Figures 2A-B: Schematic diagrams of the synthesis of derivatives of the tetrapeptide Asp
Ala His Lys {SEQ ID NO:1] coming within the formula of Figure 1C (Figure 2A) and Figure iB
(Figure 2B}.
Figure 3A-B: Formulas of cyclohexane diamine derivatives.
30 Figures 3C-D: Schematic diagrams of syntheses of cyclohexane diamine derivatives of the
tetrapeptide Asp Ala His Lys [SEQ ID NO:11.
Figure 4: Formula of a tetraacetic acid derivative of the tetrapeptide Asp Ala His Lys
[SEQ ID NO:1].



Figure 10: Graph of contracture versus duration of ischem a show ng the

ef fect of d)'u (D-Asp DAla DDH s D Lys) on contracture during ischem a
in the bl gg’d)-lﬁségsl used rat heart model illustrated i n"&/GUMEE28 and 9. In
Figure 10, -0- is saline control, and 0- is drug. is Figure 11: G aph of

l eft ventricle diastolic pressure (LVDP;, expressed as a percentage of the
20-m nute pre-ig i Sel i rkusi on
Showi ng.t ho. of (R S A B S B R A A b
recovery ofSEQUBNON]Lt he bl ood-perfused rat heart nodel illustrated in

Figures 8 and %, *..i<R0k.C : I Sk I ontrol,
and -0- is drugr.“—ggﬁ%‘é‘&q%-la\/\(/;erﬁ:ﬁla%fgggo%&hﬂé‘?!{f‘b’gg{%uﬁ&g)gnnd(-:lmm%gi(?g |§A§)ressure
(LVEDP) vetbowdthgtahiohndh of reperfusi on showing the effect of the drug
D-Asp D-Ala D H;: W §ﬁnﬁ ' -

bl ood- per’f used|_Plll 3 é:aP?)tng lr'r}% Fe{ﬁésfh S ma)tg%%ﬂgtﬁ')é‘é?éﬁrtééépéé’\t{gﬁgsdggayﬁr{ai cates
p:!'S 0.O0BEQIP»NOdure 12, -0- is saline control, and -o- is drug. Figure
13: Graph of heﬁlrut . o?m&l &rn%sms)eagc as;Q percentage of the 20-m nute
pre-interventi 0'ng—%é asel'tne value) versus duration of reperfusion show ng
the effect of tHigura8:uhiaprassys alpardbiatidblbidsperfDsitnysystem ipwbich ks shkdheareisover y
of heart ratg in the bl ood-perf u r rt nmodel i.]l rated in._ Figures
8 and o, rfetdin i Tere SR BEE Yiiedd yRC Hob TR atiml b RRE piles U1
i s drug. 1oFi gur iguie 9: Giagrdm offthepentnests ofisglatedmtied (expwiksdogargisalinepetheent age
of the 20-r721;r ut.e pre- rifurggoer vs?r]gjloq aﬁgse ii ne val ue) versus duration of
reperfusioﬁ hoWi n°§ PRESEPFEC %f‘sﬁ e ' 5‘6 5Asp 30 DAla DHis D-Lys on
post -i schem ¢ rRgoyHY: \Gragh of edntragure eersyardession & ischentilnshobingokb qffectfafis dakgr at

control a0 DT O bttt i Rl e i o

(A532) ver flustratdddn Bighiieo® arid 97€n Figu@n 0a8s B\salide@ontiol) @ndproe dhudrdg. on of hydr oxyl

i i N = =
PCTI UsoRi*26052 EEBELS SBmar B YRatt Bpol s LY DB e s o
[ SEQ | D NGt 2{-mimcogpatteraantomissdinb stlee) vérses dusatiendfirehetfodgpbowingtheaffedt 1: 1),
X = tetrapeptide, .C I . orbate.(tet.rapepti [k &t f 2:1).
In Figure TE%? gngE:"g B)g’r’“a?ﬁg‘sg’z 5r°53?sg'lsgr’18(§n lg‘rego"?gtofg‘?)lggE’lq%eb,loogopﬁggsregand
ascor bat e rat heattmaqdelitlustteted yffiprresr8and 8. dindatty. 5 Figure 16: G aph of %
inhibition_ve oncentration tetrapeptide (L-Asp L-Ala L-H's L-Lys [SEQ
I D NO | ])P< ‘g%rs‘“g%%‘%ﬁgxﬂgf” e SPRHLY é‘B?l’%é?%ré%per ratio of 1:1 in the
xant hi nez oxi deBgur@sxaGrdphiof Bhpentexle dad diastolitt pressura (L VEDR)yvershs dgurationlof: G aph
of absorbance.at 560 .n 60). .,vers ti i n.assay_for .,superoxide
radi cal pr E?BWPB%.“’W“?‘F%%% te()ff‘f,d;"‘gﬁ%%%%gf}gs o yf/my‘?osg’s%hc?ﬁ’gcerre N

ascor bat e, oL VEDRinrtheislpdd-phefusddaat(hearfgipddl ilAdsteatdd- ihfiFigules B ysd 9. SE@dicBeNO<1] ) ,

copper and corbate (tetrapeptide/ copper .ratio of 1:1), X = tetrapeptide,
copper ando'gi'cél Eﬁé?eelzéf%t‘?sgg%pct‘)f’t&cgﬁ’gﬁpéf g i o of 2:1).
Figure 13: Graph of heart rate (expressed as a percentage of the 20-minute pre-intervention

25 baseline value) versus duration of reperfusion showing the effect of the drug D-Asp D-Ala D-His
D-Lys on post-ischemic recovery of heart rate in the blood-perfused rat heart model illustrated in
Figures 8 and 9. * indicates p < 0.05. In Figure 13, -O- is saline control, and -O- is drug.

Figure 14: Graph of perfusion pressure (expressed as a percentage of the 20-minute pre-
intervention baseline value) versus duration of repetfusion showing the effect of the drug D-Asp

30 D-AlaD-His D-Lys on post-ischemic recovery of perfusion pressure in the blood-perfused rat heart
model illustrated in Figures 8 and 9. In Figure 14, -O- is saline control, and -O- is drug.

Figure 15A-B: Graphs of absorbance at 532 nm (A532) versus incubation time in an assay
for the production of hydroxyl radicals. In Figure 15A, B = ascorbate only, ¢ = copper and



Figure 18: Gel after electrophoresis of DNA treated in various ways. Lane |
- 17 pg/mM plasm d DNA (untreated control); Lane 2 - 17 ug/m plasm d DNA
and 50 uM Cw@® @y25t68ne 3 - 17 ug/m plasr:nid DNA and 2. Bcmivsesetebat e;
Lane 4 - 17 jig/m plasmd DNA, 2.5 nmM ascorbate, 15 50 ji M CuCl2, and 200
p.Mtetrapeptide (L-Asp L-Ala L-His L-1¥s [SEQ ID NO 1]) (4:1 ratio
tetrapeptide/ copper); Lane 5 - 17 ug/m plasm d DNA, 2.5 nmM ascorbate, 50
uM Cud 2, wratbd€0A =uthmtiaq)épmnj!eﬁx:ia’z;-ﬂisrIaLbfs)[SE@tiDajb@{iﬂ)i mp@‘@ptﬁ)@qcy’rba@ane 6

-17 p, g/ m
Letr 9 aleBaa e Rpradodt) T TGk aper s o e EratBlisidotitiare
DNA, 2.5 ndRpcomtmagee 1 55) ch@p@EL&d asddebatbanp . W=t tefrdpapaiel ¢0(ﬂﬁer(afid &cm&hﬂeo 20

t et rapepti de/ copper); Lane § - 7 jig/m plasmd DNA, 2.5 nmM ascorbate, 50
pM CuCl12, (i?ﬁﬁpefé‘d?pr&ﬁﬂrﬁ%ﬂ?fazp@ptl de (1:4 ratio tetrapeptide/ copper); Lane 9

- 17 ug/ '}1 pl aghd e i:a\l'%ra;?no'ir %ﬁﬁ&rp\kpﬁg @oncéﬁﬂt;é@teﬁ&ﬂewg -AsPOSALILVEis
control); and Lane - Figure 19A: Fornul as pepti de di nners
accordi ng tdys [REQ fye¥Hd: TDﬁOPlﬁr gumpisx atoBcEapepiidedronpas hiid efst:t at ihagranthine

synt hesi s of.,pe di e or di n o the zs invention. DETAILED

DESCRI PTI d\yf%%%g-@% Eﬂaigmm ! “Ffél’:{:) EMBODI MENTS The invention provi des

a peptide of tf&tﬁ*@]’?ﬁ'ﬂrﬂaﬁf abso¥nceRt 540X s0 e ads HHins intin assay xaa;pemmz 30
H s Xaa3, vvhere Xaa" rEI_Xaa ?|‘§ (#efl ned above ”
met al - bi ndPH§* B ?tlfi’é %éﬁafﬁ‘érﬁé@ T‘I‘F&?r % | T S0peFap ?FCW@WS’I |(§?i‘§a"8‘?“ & oups
| b-7b of —R§p i- hﬁi ]P ﬁ'id 19@5@ S-E@-H'DQ\I@‘CI e&cﬁ:ﬁﬁ%ﬁcﬁ{cbfﬂéfel{étr%&phdé/cogfar r&8l0,0f VD,

a

Wh, Ba, Zn, Rg , and ot her net i ons
(i ncl udi ngt:1 —fgéap&ﬁwempperﬁnéa&qubaﬁﬁgtr%preptrﬁéfcappertﬁﬁ@0591}9 i nhibits (i

reduces or pre %__rgltcfb?a r%g&%!h&%ﬁm&é&é%@ inRfbddkdvk 26207 - zi&?‘&h

and/ or the accu on o ese netal 1ons and/or targets
damage donxéadnydDR%unmmdntxymﬁtMnthw;pg/mﬂmmdw&ﬂmémem%iamﬂl -dAs to

t he peptld in
the absenciBi e BAHG SIH ebea i 1P g »e Sl DA TEHRRR b
part ihcu: grsa ;Ev[ @Olzdand;’gxm m\.)[ tetdahdpkitig (L-Eép( LJfA])cla LatidLN¥y6 [SBQ Vb NO: 1) ¢t mtibi nity.
It shou there rti C i n redycj ge
caused by eb?%&ﬂﬁﬁef)oir%ﬁa‘gé‘@éﬂﬂf ddﬁq%'f %@é‘leaswb%ggé Z’ﬁ?dd@ga I'n
P,, Xaa, Iwmﬁpe{t[&f@ﬁaﬁa{w teiaPeptid@coppty; MRAS 6PN Bhe/mabiysnfl NGNS ¥aa, s
nost preferabl Thus he preferred sequences of P, are Asp_Ala H's

and Asp Al Qf“ﬂb%ie L%?gﬂ\[I €E6h @dl@ iYL tetrapegside G- ér@w&atr%veftrﬁélcewaeﬁéée bt 1P, is
Asp Al a Hﬁhﬁx&ﬁﬁ%@ g‘%b: 2405Ma 'ﬁ)u ché tma%ppm RiPLBI&REQUEREs Of

the N-ter met al ng site o n sefum al’bum n necessary for the
hi gh- af féonfetspeptidetopreio L a@ (- IIV)Ag/ardgiaNm(dlnl\)A 2maiMlageprtates Shied Fulbpodiad to
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sequences l% ani
ascorbate, and 50 ;.1\/1 CuCi (positive control); and Lane 10 - DNA ladder.

Figure 19A: Formulas of peptide dimers according to the invention.
Figures 19B-C: Diagrams illustrating the synthesis of peptide dimers according to the

25 invention.

DETAILED DESCRIPTION OF THE
PRESENTLY-PREFERRED EMBODIMENTS

The invention provides a peptide of the formula P, - P, P, is Xaa, Xaa, His or is Xaa, Xaa,

30 His Xaa,, wherein Xaa,, Xaa,, and Xaa, are defined above. P, isametal-binding peptide sequence
that binds transition metal ions of Groups 15-7b or 8 of the Periodic Table of elements (including

V, Co, Cr, Mo, Mn, Ba, Zn, Hg, Cd, Au, Ag, Co, Fe, Ni, and Cu) and other metal ions (including
As, Sb and Pb). The binding of metal ions by P, inhibits (i.e., reduces or prevents) the production



than humans. P, is (Xaa4),,, wherein Xaa4 is any amno acid and n is 0-100.
When n is_|arge én > about i 5 20), the peptides wil]| reduce the danmage
done by RS %%¥¥hcellularly. Smaller peptides are bet FEVUSRP# to enter
cells, and snaller peptides can, therefijpre, be used to reduce.the danmage
done by ROS both intracellularly and extracellularly. Smaller peptides are

al so | ess f i f ior " i.5.,0-10,
Tore pr ot er oy i Sl BhAAR bR S EPREE Rl iors dndlor R L Blake Budetyl Mve
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transition I, | ; t I f. eptide
to penet ratd gﬁ& ghatc(agrré?r%?%eﬁégﬁgﬁ 7{ géra%?égg%ﬁra{}:orge ° ?lgglgegls'blﬁ%? g‘ lf }e?%e%e abl e
t o cross t frepaigicolad PpriadsrCuliid) Ni(ldy Co(lhand (D) otith bizhafmits tibdbold. 2lezefore, lenhances
t he perfor f _peptid R ether wth, P

Nt er m nof Do faftent e REREE e dupled SRR A iribkgr B p Rl R o KOS,
wi t h hi gh &ftippertapd hiokel. copper and ni ckel, such as human, rat or bovine
serum al bum n. | e.cas ere.n 3.100 he, eptide .woul d have the
sequence of applr“gkl f%ﬁ“iﬁ?ﬁ‘é@fé‘ﬁ'ﬁ AfP: §pa: 15T, rgﬁeﬁélsﬁAﬁ%iB’ R Ik(%reaéﬁof nmany
pepti des why< ThesOtp prefetred sdaudidesvd Poart Asp Ala His amisA dpi Ada Hisdtya [ SHQIDsN@r1g

known. See

4 760, 051, MESrRsterbly The SRS b 1S gl gt s B3 hor” sl B e

5, 102, 990Gy nfinithldh,s&fabnce of thed(-tebmihal niztal-BibdiAd Ste of uymbd Seridid f burbin hédssary for the

5. 535, 045, B Beting SEGHI Nl SRR Lis e TgneliLomits fedmany

5, 891, 418, obthe2@nectdb mns arthis site, Qlher &Q8encdEdr B Al be prefearasfoVise MldnHal © Gther\O

99/ 57262 araga&x\o 99/ 67284, European Patent application 327263, Lappin et

al ., lnorg. BHERS- 17, 1630-34 (1978), Bossu et al., lnorg. Chem, 17,
1634-40 (1978), p,Ghidas b ahdrein Xas,0d By Bmmid@cid add n 50-108. PHBHN )s, larfelienabodtdvances

| Pr ot ei 01/ 25265 PC T/ USOO 2695 Chenij, st 4 145- 97 991),
oot o e ef 2B peTaE S ek g diane dooecby REFSEtecr iy, Sl pfiiidgnareiotir Lipg
L(’:ig,gg)g- 4L8Je @819 9&%1;& Bﬁgagd srﬁﬁﬂat.pcptlaeycanﬁx@ﬁbxyt?g uBildeiz 31El3iuce-ﬂ‘i]e-l€9ﬂagtgdge dclaj?%y R2t57 - I28 1

, a. .e , . nor (0] e s - e a ,
oo Radi o gpingeasly un pRicduarly Seliypsstaosat isd o sibicch to BRBORES Sooh)

Ueda et al Therelosnin P))preforabBuh fis 0-18 Inord pRfbably 4 3965, anBarhosb peferatly n iChem

Res. Toxical. . 906-914 (1997 Bat _.et al., Chem Res. Toxigql.., 10,
915-21 ( 19@%3’?“811%661%”3{“%@{“. Scﬂjﬁeégﬁ’ PBPESF":’%"‘Y4?%‘1P§‘§%C? TR whidh (f) Bids

owal i k- 3ankangiton reétalal(2), is hydbptbig. to Bnhmbe fhe, ab@fy DO the Rptideld Ppéhetratdacdllor d and
Sar kar, Ace. em Res., 30, 123-130 (1997), .Princ t al..  TIBS, , 197-
58 ( 1008) - TISTHAFLOGT et ateet e Tt 008 Ablg AR pio e oo e Ry o 1.
szeged. hul otherd8{aditiats or BkhsiE ths béfformaiee ofthé peptide. W togetherBhithPembyiallo bel 2,
241-53 (1999), Wiittal io et al., Protein Science,. 32-.34 Q0Q) . P,
iy conpr | SN i RmeRo et g R Habia e I Ry PG of

t hese pept icoigper andiiRelPsuck asluias ast o bowddiecderu dlblintify Bithecasd Wheps ©f @0@ltiey has a

sequence 2%'::}%1%(3 Iwrcln(l:lld l}Ilgveesthea sequence of approximately domain 1 of these albumins.

The sequences of many peptides which comprise a binding site for transition metal ions are

known. See, e.g., U.S. Patents Nos. 4,022,888, 4,461,724, 4,665,054, 4,760,051, 4,767,753,
4,810,693, 4,877,770, 5,023,237, 5,059,588, 5,102,990, 5,118,665, 5,120,831, 5,135,913,
5,145,838, 5,164,367, 5,591,711, 5,177,061, 5,214,032, 5,252,559, 5,348,943, 5,443,816,

30 5,538,945, 5,550,183, 5,591,711, 5,690,905, 5,759,515, 5.861,139, 5,891,418, 5,928,955, and
6,017,888, PCT applications WO 94/26295, WO 99/57262 and WO 99/67284, European Patent
application 327263, Lappin et al., Inorg. Chem., 17, 1630-34 (1978), Bossu et al., Inorg. Chem.,
17, 1634-40 (1978), Chakrabarti, Protein Eng., 4, 57-63 (1990), Adman, Advances In Protein



short spacer sequence between P, and the netal binding site of P,, so that
the netal -binding sites of P, and P, nmay potentially cooperatively bind
metal ions Vepmsear to a 2:1 peptide: netal conpl ex; 15revEsoERefApl e 10).
Preferably, the spacer sequence is conposed of 1-5, preferably 1-3, neutral
am no acids. Thus, the spacer sequence n‘e?y be dy, dy Ay, Ay Ala Ay,
Pro, Ay Pro Ay, etc. |In particular, when P2 conprises a netal -binding
site, it pr ef—’wmb/y‘*?cd)‘?ﬁp??i $8), Givellott d.he Iford. 1Bvaheny 46etylieli@Ry: C@K&aﬂl}fm Xaa,

(aad)y - xaas SEIPRLR Gy Moo, AP0 heo B PR AT T (R URR 6.5

preferably &Q@lL1f Zord BéockandS3a iy (aed4lUdioeral aFrehBadicat Bt deds dBLERAGS

of P and o) Catpara R B fefin o, Gher Piie BAGAST LI PR ER ' 2

neutral amsng Qi (BeFoting, wmmuﬂ9pa)rggaapmhemx@a5"oxzsozam ars- nqlsm;,d
having a free side-chain -N pref er abl

f bly On.
See Harford Kadher Khaem et 4 %ﬁé%199ﬁe§°wa*%da"k2'2§‘ai%b J("rfrg’[?%fg%}tgﬁgggrl%% "

si de-chain - 49@? Ha¥FBrdWhd $irbhr 4P @BED U85, SRUUBNGE(1098, HRedet 2B 778093, ted to
successful |y subsfitute for the free N-termnal -NH of the ATCUN motif).

Thus, for P&t &88), PMivnamp eoutlg bwemigyom J8H dogrsriG illdwimaalgy [ SEQ
IDNO2]. Th 0
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acids, or a con referably, at |east one of the anmino
aci ds of P ¢tgl aPrpeadriaecead BaR-343r(@908). alblnyayxaas’rlsaﬁ\ﬂlsmuemﬂp%‘)ne cereef beor

n- Al a. Most &Etgfﬁﬁc%@s%teso%ltlleFeeJeg{;ﬁES.am no acids of P,, other than n-Ala, are

D-am no 30 acl y about 50% of the amino acids of P2 are
D-anino acids, andhe8; cogmeﬁﬁlamtaybmémg sitsf it peéeraglyi o2 seaiagse whiclpinclydes 2

D-am no aci d&on?%a@ él{i’:er? %&ge%rPearBrtﬁef &%ﬂ:d&%%?e%?? P@zﬂ&t'ﬂ@%ﬁatal%%h@' x&!ang

D-ami no aci ds ar 0 proteo yt| c efizynes? such hose
woul d be WO OF, 282P¢52yRCEMIISY o685 21y bir@ nestat ivny(sienlado %ﬁ)bﬁ?paéﬁmﬁﬁfwmﬂﬁaon of

the, pepti dg 48 il A016R el 50, Wil AR NIBNE) s Qb F 108 prdBPRY dllcdl?

exci sed organ pe i"on ‘con a|n| peptid t he
use of D- animigo anddsdThusothd spassosequdntamayttediln by Giy ﬁlbfdaﬂhe Prse B H!thYoetbl nd
metal ions, incluyd he .abLl ity .of th hi gh
arfinity 5 The joprrss WBRpriohbugs aiiaroREnt % bechbhlonnRRgk-aitid || O
inthe art. Ediowmgwwmca (Xam)n@(qaﬁﬁls Kdaé{aasmbém,éﬁ:s Kmﬁa%r(ﬁng)nl_xmﬁ(ﬂd{aci ds,

D-am no aci d b

synt hesi zed aa,, Qeaé‘goggé (lelO I%Pa%’ %aémf%k e asreyénf %salggdeh%d%%éfs’ %ﬁtl‘e?g | e

t echni ques zoaié W\l@l){aajmmmdsnfohhes}amtspacaxmdquemlbmdeertm asihowstalrbindag sitepf

Merrifield, | t. 335- 61 K n ayotis

cds.  1973)1 P Pemper yHRRRHRTr, Bz, A2tk B B B B TACKY

gl t gi ocsyhe [T}ra]refeﬂb!yl(at neub@] anﬂ&ﬂacﬂxsse (HE@B5)ous ﬁz@@hjt Xands 2 @oniy, acﬁglh‘nng Hitas Ie: _
epti de Syn . Finn

et al., in Tﬂ ?—l}lm Stléghgl)efemgly ? Y- WSfePI\%erab%omlg%’}%ggrd?ﬁ%ﬂ %@c Fi ckson

et fal .1 n ThResPB011@B139 (1397} { md free ﬂdﬂ-chaﬁﬁ -Nﬁppf Qﬁ]wﬁlﬁﬁa Qe@ﬂ@?ﬁﬁuen@eles h¢3§0,

Pol 1 sh Pat gnfopsted fb'steck SR 2RlicRke ¥ a8 ROLAM: A0 RTREATRDN métle. OFE R Vel V-

instance, P, - P, could be Asp Ala His Gly Gly His Ala Om [SEQ ID NO:2].

The amino acids of the peptide may be L-amino acids, D-amino acids, or a combination

thereof. Preferably, at least one of the amino acids of P, is a D-amino acid (preferably Xaa, and/or
His), except for B-Ala. Most preferably, all of the amino acids of P, other than -Ala, are D-amino
30 acids. Also, preferably about 50% of the amino acids of P, are D-amino acids, and most preferably
all of the amino acids of P, are D-amino acids. D-amino acids are preferred because peptides

containing D-amine acids are resistant to proteolytic enzymes. such as those that would be



peptides may be synthesized by reconbi nant DNA techniques if they contain
only L-amino acids. i s Reconbi nant DNA nmet hods and suitable host cells,
vectors aMP Y{2f¥Ff reagents for use therein, are well ¥GTOUN02895% he art.
See, e. g., Maniatis et al., Mlecular Gl oning: A Laboratory Manual, Cold
Spring Harbor, NY (1982), Sanbrook et al., Mlecular doning: A Laboratory
Manual , 9 The in tion furt he ses
deri vat i ves“°81‘“§?rﬁ‘e g“é‘pﬂi%%‘aﬁﬁmn 05%"1 ide fogn ?f’b'ﬂﬁ nglydige pumans 81?1\"% éﬁr ds,
D- am no acpsent mran&xﬂstﬁbtgAﬂbérﬁﬁemltﬂ-a so&itﬁm@orﬁﬁihlﬂ@tlﬁ(pbﬂﬁic. WitoCthe @de®f DOT €
resistant to pr oI tic enzynes, I pi d SO{S}bbl e, ;(915381 al | ow th

pepti des ¢ BIRGREY pojaliseihetuliy aft %rqpﬂd%fgh’aﬁa*ﬁ Onid: n&@aerrhftya?@a

or gans, SU@&btn&@tothj&bpdthhh@haMtb As illustrated in Figure 1A, P, can
be nodified in the regions_indicated by the arrows without altering the
met al bi ridi ng f Lhs@ertisks of g ipentiqnay be made by giethogs wellkrowpindhasst Feripstagceat

carbons | g pépiitded, RvhBiher arrdmr,rgq hRmBL8as, D-£dibblaQds, &%Pmnb@aﬁmb@f@%&b tuted
W th protectrng Igroup igures | B- D). P2 can be nodified in way

simlar tamninpgsids dw&ersmebrcsrzeci bypstandgrdrglid-phmse pentide sysdiesis msthodsy Swtelpleor ytic
enzymnes, n%ﬁm!]ﬂe@'ag sal 'ﬂ?dvﬁr in-the aﬁ%&h ma'udg gﬂs fesrivel G&“l@éHxﬁé‘rﬁ‘,?h'g @
to 16 car t erm

branched chain™al kyl containing fro on at ons
"al kyl " i nBolyphptidasipp. BbSaﬂc(KQW)@omemEi Paﬁa}'Otimdseil%B Meméinldal_ﬁl&&ubéger oaryl

[oast ond Spar dshetlspat pibity, B0 38Kik1a TR SA-FRARTANE, SREBRE D, *

" het er oar yPéptide Syntheais (1269t UbhRatenits Nt 3, P@Iaw aph®786{336 {Rardt lgn Thedndteings one
or nore atg . S Stitut.i S I
decr ease t ﬁrrdsed ol% Ql&#—Zﬁ(l%i ANd %m%ednel‘aﬂ qngﬂ_gr.é_mp%trc%ésdug lti%: %17 5%
of P, to b(lr?d6)c&q1:plso RolighPatentfi Sﬂ4f(symtl~b§rs oI chii A bR@ptidRE) /Alllﬁh@ti‘&ﬁeﬁa 14
not decrease ese .substi t ut |
substituenf® %d Wgﬁgy"g’ Ffz%dL}’tyr‘Tcom %‘efrdn%‘gsr g%‘r?' cfn{;gn °“§Yr-[r 8&?’83?@ R is
n- but yl ) 1ss Rmokrdnnanﬂ)léﬁmthbdimﬁfsﬁitaﬂethﬁst@éust veetopsapd other rdagents fhmtsatheteinie such

as copper, to.the ingductive effec u Sybsti tution of
carbon’ 5" PRI i BEpt SO g i S ety oy AL P02 et
(about 6- 1prﬁfgr}Hm5braNW(5982§ ISaribdok st AENMRReRat CRRRPOHULLabbratdre Manidlj Cdd acr 0SS

lipid nenb ane above, nethods of synthesizing peptides by solid
phase synt @%@ lﬁg 19%% These nethods can be nodified to prepare

the derivati vemmldnrmﬂegémsekd&qﬁtwéi@fﬂa@f@ﬁ&%lq - P,, Whé@h&tQbrhpokd ofe.- of P,

illustrated jn Figure I C  wherein R is oct can_be prepared as
i || ust r at?e@™na amﬁﬁ BLﬁ“@n‘?%‘dsH’iaﬁ?’@h‘P%‘me Lﬂ‘i‘é AP IGGS )V RIEh WE BN PR sent s

the pol ynefo grewsslpticedydii3, insredipfl SWBRI(Eb dIBWARE RpHYds t@ﬁx@fe&@édil?ﬂexﬁ&@t‘é@ell As
illustrated i 1 Fi gure 2A, octanoic acid (freshly distilled). is treated

with dry bRS®PRECSERVPIRRRY taget piaaRspTveh fadhe brpigh priothy s ifyssatd ipFiguee 14 Pheat ed

to about 16QGealddifield Bithe REioksiilicateAP BleAfrbWwOwitiRdut heRithSmeta URdMPTRECBMN 01 C
acid is obtained as a colorless ll%@éd upon distillation. Am natron of the
g

bronpaci d PEPiadhpaEicuian g can hesbstigitedas carbong 1ond With RarAvd thederainal (GORH of

25 P, can be substituted with protecting group R, (Figures 1B-D). P, can be modified in ways similar

to those described for P, to make P, more resistant to proteolytic enzymes, more lipid soluble, or
both.

R, can be a straight-chain or branched-chain alkyl containing from 1 to 16 carbon atoms,

and the term “alkyl” includes the R and S isomers. R, can also be an aryl or heteroaryl containing

30 1or2rings. Theterm “aryl” means a compound containing at least one aromatic ring (e.g., phenyl,

naphthyl, and diphenyl). The term “heteroaryl” means an aryl wherein at least one of the rings

contains one or more atoms of S, N or O. These substitutions do not substantially decrease the

ability of P, to bind metal ions. In particular, the ability of P, to bind copper with high affinity is



to stand at 40-50 C for 30 hours. The octyl derivative of the amno acid is
obt ai ned by renoving is ammoni um brom de wi th net hanol washes. d assical
resol uti on N #H&¥5gi ve t he desired opti cal l y- pure D forgr/uSeopess2
derivatives wherein R, is an alkyl, aryl or heteroaryl can be prepared in
the manner illustrated in Figure 2A I additi on, the derivative of P,
illustrated in Figure 1B, wherein R is phenyl, can be prepared as

i |1 ust r at et Herrgasegipyethess substitufiprpu rfier fBtangeo barpregf thassubsfisuantss push ag a grbutyls
t-butyl, Vi yl,

aryl or he e?tggrtd ?ﬂbc%(} (gé%rll'zpéqJ 5 gérllg?srn g‘ﬁm‘grrgld g‘?ea\é@ gtsf{a?tgof é ?gc}ére 2B.
R2 can be métd 1r2rils sulhiby qoppd)sl(d@,e)cﬁthe O tive effedRpf t(mseiéy!ﬁm;pr Suﬂs[ﬁ)unommm&on R is

defi ned ve. T ese derivatives can, be pre ast ste
Sl 1 s okt JOEVE, Rt ek Petiario pon tope cbe B RY bR Le T Fb Bt e POMPEONE Fosi n

by met hodsenmicl»umgmome ébadai&essﬁyﬂasﬁérﬁw&de@ns with R2 do 25 not
substantially decrease the ability of P, to bind netal ions. In_addition,

P, and P2 can tféngiqéslzqvc,meé@dwfﬁmmﬁm@mtidg%byﬁalmﬁ&sﬁmthegwé@p\@liw bi nd
met al '0”& @&ﬁ&&&&@%?& {‘%té‘greé#é‘gate'd‘é’ Rmznﬁfg{&réa?a%.tﬁoffggﬂmmg one

or nore pen groups d the res I Nng peptl
deri vat i vese ddrivitiypod Seilestared ioFigmo €, whetres R Esaxctyalcm bmtaiateé aaﬂlustmta'ddh ng

nmetal ions,. in,ad ion,to,t bi ndi ng_site nal Iy,
the bi ndi rEjESF 28 g@*%%&&agﬁv talerih Rl Bt e” ipeng B atS?a?lg?rgsuch
pept i de gdasatbérylipyRecting gldi dmﬁh@ﬂateu @:nﬁgurs 24| saunoiéactd Qﬁesﬁl@m&n&ﬂ 1sit€l:afebe
correspondi ng. unnodi f1 ed peptid I hst ance, .the pep derbvatlve can

bind two o¥ith#¥ %@%‘éﬁd&wﬁﬁpé‘l’m? Wﬁhlpﬁéft éféaﬂe%mlshse}leefed@abmet\w ef)),

the peptidgy téi'ﬁ“fal t\éﬁﬁédﬁrem %‘uﬂd oI BmEbdi B 1ceBl id Bk Aleda@NSo1drRS 1 xSHonone
type of rreta ion (e.g., one Cu(ll) and WO 01/25265 PCT/ US00/ 2695 15 one

Fe(l11)), dstillatien. @@p@&t@eoaberhrmap@es@quﬁbmellmegmcedmﬂwr@mm@olm@ng

wi th great i4RI

Vet al “bi nde A SATEDYS o Sflucd, 35 GO £ROARALNAL BRI L S0kaRiERby Kfoving
triam nes axmncsm)mbrawdeaiuhmeﬁlmmhwm& Chassicatiesdlytia aicthpdspianhicdested pptetlir-abl y

| kyl di h | k b 20, H N -
G e U T T O

1, 2- aryl dipainBeifusRteafieFight gabenzene di am nes (e.g., 1, 2-di am nobenzene).
Sui tabl e diamne: _further .include 1,2-cyclic¢ al kane d| am ne "%ﬁl i C

al kanes" are conpdlitings thesgtivgtivg ﬁ@leﬂiBS‘f?afq‘?gg Figueee FB-c¥steit i B gnyf Hon

at oms. Pr e, @;{a@elalayﬁm?at%hgsm@bkm ke 281 Piyrhet iskhedredlh ammfzmhﬂomxam
(cycl ohexane di am ne articu arI y preferred diamne is

1, 2- di are rhsezp| @ﬂi@mnéat(vps ‘gfmastaAarBalkywﬂ@r bigoargcaribessensgndin g mepRerhby  Rao
& P. WIIi, afed in %gggt ography A, 693, 633 (1995)) have shown tha a
cycl ohexane di ami ne-derrvative (Figure 3A, where PYRis pyridine) binds to
a variety of mi,aan botd ,, TREReNRD, NPRyptra, (shdligroiDhabeindh isdefowdsful | y
used to r ea%g'\lfe\./ q‘hgsrgdgr?va \gésg:gn t?e%gepgreg tﬂe Rast step of a solid-phase peptide synthesis before
the peptide is removed from the resin by methods well known in the art. Substitutions withR, do
25 not substantially decrease the ability of P, to bind metal ions.
In addition, P,and P, can be substituted with non-peptide functional groups that bind metal
ions. These metal-binding functional groups can be attached to one or more pendent groups of
the peptide, and the resulting peptide derivatives will possess one or more sites that are capable of
binding metal ions, in addijtion to the binding site provided by P, and, optionally, the binding site
36 provided by P,. As a consequence, the ability of such peptide derivatives to bind metal ions is
improved as compared to the corresponding unmodified peptide. For instance, the peptide
derivative can bind two of the same type of metal ion instead of one (e.g., two Cu(Il)), the peptide

derivative can bind two different metal ions instead of one type of metal ion (e.g., one Cu(il) and



showi ng that the nol ecule has a very high affinity for a-am no acids,
formng a ver stable is coordination conplex, which is unique in many
respects. ?Bf%ni nocycl ohexane possesses. reactive? %Wsr‘f?fq‘l”lfnctl onal
group to Whl ch a peptide of the inventipn can be attached. See Figue4 3B,
where Mis a netal ion and at |east one R4 is -al kyl -CO peptide,

-aryl - CO pe -al kyl.- e tlde I ar ee
arst Frgar ooy pPhper i n: BB R mal Bt le SR PR By
-aryl - Cm-ltheaorgehpoaﬂlhyhnmmeﬁ(ﬁrﬂ;deor al kyI aryl COOH. Derlvatlves of the

type shown in Fi B ve seve nd Si tes and
therefore, be efggﬁ?’é@ B‘i“ﬁaﬁ FEURY "\Cé"ﬁ% p{}:ﬁ "ém? (lagl g’f' Ah FRE © Y
unsubsti t ut &ﬁtablpelpmlrdﬁnclﬁdﬂltzqﬂkyldndumst_ frefefably plkglsitand ges o}fnextehehetay@l cofwaixane

functional i t he conpoun i o] s:, lipigd-]Ji . act er st| whi ch
Wit ard it X0 pn sERE Gy Bl {mR aREE R sinsE: S PRl s
derivati vesi marytdmlmpﬁmﬁ%lyafeniehedliamm@igqn Z;aanhebqampnrmam;/ diam‘ihe 25

di stinct roy E UQ 5 ’ii, lJknvo ves ipjtial copdensatio P al dehyde
fol | owed by FBAHEIAR 2 Eagisalkpnegipmines S Cyflic afkapss, are sympayn 5§°’H@H‘?§ VIR nunber
of al dehydeeach ain&yﬁngannbaﬁfoyhtbmﬁ Fasttrablp@etychic altaht diarfiyi€is DD Aieaidcyléohskane at
roomterrperat rmng an oxi ne. The oxine can be reduced wit] sodium
bor ohydr i del© Fa“ﬁ BEYhi c conditions to give the diacid derivative. The

carboxy ppieti %paiﬁ@l&i?@i?eférﬁbﬁ(iﬁ&dné/\iistlb. didisinédyElBheR A Biglfe® UASB)PIPRSBAL | N
car boxy- prot ect ed ve th4 30 ca(cl ohexane diam azgg%%‘%hvatl ve of the

pepti de. ThE¥ECHH %'@tl% oiéeP- YVilliamg s Crrpmerrarap i 80 Ve phava tha

i 11 ustrat eda tydlofdxdhld Bardibe ddrRALIVRXBBRE A, Wwhesd FOITEX dedish) BIUNG aiviricty Tadeed W th
bronmoaceti 4, acid to give the diacetic acid derivative. The carboxyl

noi eti es ar @nt ﬁéﬁ’eF‘éféR&‘%"dalW#W’t}‘?ﬁé’eﬂs@@eﬁﬁi"ﬁé!“d&rs%‘ge ajinoagids and geptides

car boxy- pr Oﬁlﬂﬁrtn%(?lhzﬁ’ ithd ﬁoﬁhﬁl@h&shﬁve@ﬁﬁ%ﬂ@ ?for'dla.rﬁhél dEi@s, F62mirfgoa Yy Elaslf
anot he WD 01/ 25265 PCT/ CSOQ 26952 1 ept1 de. R, is.H the derivative

can be f utst FROFAIRAHOR-FAEPIGX0 WhICh i aigue wae&resee&rsb&?ﬁl@ema&xcwhﬂae? pasSEFTEY s,

such as est gadive M}indBInBOESI Wolp to KWARKA piphidé Hth@intentibetadibe BitAREdNGecp@l | MENt S
have indicated that the presence or absence of this group does not have a

beari ng on ?lﬁré”}}%t“éFsadFﬁﬂllﬂba“déblﬁ%?&?'F%éﬁ t he whol e nol ecul e. However,
these groupsiyRaboegideNaryl-gokRp ttdaeaxsvpémmcape@nhe(dxr-ala&lcabﬂﬂ:cnﬁeph&étasaam lic,
dependi ng u on the substituent, and this %/'F% é(g ?é@ n effﬁgt on
del i very of s HoP2 chie athsr R Gray beihs same oz may pe -y é’ét‘a@’ Q ke two

syntheti cyr ggbﬂsorwmki -aryMOOBHT Dériviatifes SHRE thSsh&widin F@mmummtsmﬁn metal
derivatives_using the other diam nes descri bed above. @g@' t] onal sui tabl e

pol yani nes BRANSTEsARAransthersfors, by sxpested o hind mpsta] inps mgre regd Yhatptes o

peptides ar geptl@s @ﬁhﬁw@ue1ratAé.p&sexﬁabﬁm@clmme%&ﬁanaﬁ@ﬁhamhp%mﬁﬁmi»ossek Q her
pol yam ne 1.0 cEe ators suitable for attach menbpl ti des are known. See,

e.qg., finig-iks charagteristic wiuch wild gid its transportapsoss €. 5 874,573, and

S5, 906, 9 9 6 and P@ycidRdXahedirhifd Serdbiv@d 6%5&&?‘9’&1&3&4@6@&;‘1 baﬁxdpzwa BW39706.

It is well known that_ vicinal diacids bind to rre L ?nl cﬂ: the gffinity
for Coppei‘s fhgtmctroutes The first involves initial condensatxonmthana dehyde followed by reduction (se:

Figure 3C; in Figure 3C Bz is benzyl). A number of aldehydes (alkyl and aryl) react readily witl
cyclohexane diamine at room temperature, forming an oxime. The oxime can be reduced witl
sodium borohydride under anaerobic conditions to give the diacid derivative. The carboxy
moieties are then reacted with the free amino groups present in carboxy-protected P, to give the
30 cyclohexane diamine derivative of the peptide. The second route is a direct alkylation proces:
which is illustrated in Figure 3D. For example, cyclohexane diamine is treated with bromoacetis
acid to give the diacetic acid derivative. The carboxyl moieties are then reacted with the free aminc

groups present in carboxy-protected P, to give the derivative. In Figure 3D, R, is H or anothe



particularly high. It is therefore envisaged that a peptide having a
vicinal diacid functional group 15 will be extrenely effective in netal

bi ndi ng. Suwpabkwsdi ci nal di aci ds incl ude any 1, 2-al kyl eitacseezesszsuch as

di acetic acid (succinic acid), and any 2-aryl diacid. The am no groups of
the peptide can be reacted with diaceti ééaci d to produce a diacid
derivative (see Figure 4). This can be conveniently acconplished by
reacting theepsidé. n&hgr Ruipsl, tE derfvatverces bnfultbarnchciod pt prodiceiiypical gatetybigesidt ed
acetic acid t,l Cl chl or t

hal ogenat eddér@(% |e€% Sg‘(g:hl %gr% War?e%()dgzvoﬁ known T &%%ﬁ Wtazgf g%ﬁ égjg‘g%frgs%vgs
syntheti c pimicetlditheshe mresaideer absmnmﬂthx@groumdceanditadvervaieem ahsqem;etahm&ihgg W th
solvent. The fi.pal. pro u ased from the r ol yti

cl eavage. d?’i’@?‘{}d‘?f tg %rrf’?)ﬁct“;eve O%F <t es?)@b“(“f’%lé‘?‘%gfe% h%qé f’%‘/’%ﬁ‘ﬁﬁan be
made in thsehmmaoiﬁmmgﬂmpm ﬁ@&hmﬁgmbw@&\h@mémCanacrms:lﬁayamaldmmnteﬁedm nd
nmetal s, such er and iron. Suitable 25 polyam nopol ycarboxylic acids

5
for making a%ﬁ?‘??‘\‘f%ﬂ’f’ hemejpeulepgropsamambpaes g5 o trgel t?%’@%ﬂ?‘?%hwﬁﬁfﬁﬁﬁf%ﬁé“ Yof

attachi ng t Rem HorPSRIEGES ddhindR V\%&r eidB@ehtildd ubinSthe BaeLNASiIndN QR scriBeBBEvH35 and
5,650,134, and PCT application 93/ 23425. See also, U S. Patent No.

5, 739, 395. Vi ci n%ﬂdﬂwa?lyw};ﬂaw@sely#m@@s@p@mlyw dgrieatiyesead mpapds@EatarHng them

i nventi on. %@a&éb%@f&&,&mh in @pé W ! 8,1671641u48 smqwc@ml g5samapd
pol ysaccharides (i.e., disaccharide, tisaccharide, etc. Igr ésently

pr ef er r ed 1taplelasnesahic fonptadement Rensptidegre knopm. Bee egoAbS é’@W&NP%Iéé’fz? 8%, into
two maj or Cakegoni eeyg JsEr%‘ﬂSs%? AR 0638 ﬁc-rggﬁmgtﬁonwo@w 3S%AGPI es

of a furanose ring sysfemi’s UCosé ydro groups of glucose can
be prot ect eB87/4240Beame\W OGF/3PHGI I e t-butyloxy functional groups, while

I i th | d f t.. V1R,

[yaine) of the V-0 Fo5te R YRR o HP Sord, Bl Gy o Bfbert

r educt i on/ hyattiolayly highph Gdbrrefere tdsapainies a peptide hatingpeopinabibacitiinaiatd geup Ot her
monosacchaf Iwﬂ?tie%xtpeme?y daﬁ%iglrvle Vnazge:é%{ Bhdid Ic,hgg %%lg {xceiga d1aglds &ncl%"e' aﬁ% thalrkgfdlam

Bi spyridyle am ne-deriva W th
di val ent rremahas&mm acW[emtcatctaaﬂhaﬁHang IIZhayIdleqa&l de this functional group

woul d provide additional chelati Si t t i.ons, . including.copper.

The. bi Syt i dyl ot S5 PETB TS £F e SPTIGE Fitt gt M SeeploRs intocptid Ao P

NO 1 ] is shaimtivesetFigea). Thiskén Be&oxﬁlﬁﬁxhxﬂlyﬁ&b&iﬂhimabyIt'ibangmhé ﬂ’hmngﬂﬁtbsmg
derivative e incre

capacity of ,this. tetrapept | | ed.b

e 101 3 et atrionp g Sith EBaeaate ket Sridle s BoToR@ S ERET Sy arleaeR

t hi shbi Spyr ?mﬂ@gaig{egmdﬁead@aéﬁwaﬁue\(@g SHenzyEsky SSEM. S(blmlph&?lsﬁdrt]i&& wo&elauﬁehe |
synt esis o acl rivatives The two no r S O the tetr epti de
(one at Asp® f&ﬂla reppualp W@etﬁ%wafarealwgﬁaﬂa?geW%a&yféd %t“ﬁl Péods?teﬁﬁ}aasﬁas@n di ne
to give thettedsihdy Splsilid dde@she POREE AR ARV MIES Mfehe peftiRs 6B hvedfior din be
acconplished by reacting the resin-bound tetrapeptide with the

br onoet hyl p?’?‘i‘edi‘ﬁ’ésm‘?‘aﬁnéﬂned by cl eavage of the product fromthe resin.
Phenant hr ol i ne irgiyaRRbRscafbBiyBit K544 &le kfovmAUWRAALIS 8RA R Bt ardiidA] Suitakle val ent

metal io nzss polyaminopolycarboxylic acids for making derivatives of the peptides of the invention and methods
of attaching them io peptides are described in U.S. Patents Nos. 5,807,535 and 5,650,134, and
PCT application WO 93/23425. See also, U.S. Patent No. 5,739,395.
Vicinal polyhydroxyl derivatives are also included in the invention. Suitable vicinal
polyhydroxyls include monosaccharides and polysaccharides (i.e., disaccharide, trisaccharide, etc.).
30 Presently preferred are monosaccharides. See Figure 7. The monosaccharides fall into two major
categories - furanoses and pyranoses. One of the prime examples of a furanose ring system is

glucose. The hydroxyl groups of glucose can be protected as benzyl or labile t-butyloxy functional

groups, while leaving the aldehyde free to react with an amine group {e.g, that of lysine) of the



Phenant hrol i ne derivatives of the peptides can be synthesized in the sane
manner as form;nge 15 bi spyridyl ethyl am ne derivatives. Porphyrins are a

group of ggr?pounds found in all living matter and confP &l 1S0y2¢ rapyrrolic
macrocycl e capabl e of binding to netal s.;;Herne, chlorophyll and corrins are
prime exanples ofthi! class of conpounds containing iron, magnesi um and

cobal t, 1 eSREgtie! Wy NESRORRINIG dheldlceshd B ekt el foMudy® Bt 2!
ion) is deriv Fom henme and has peen observe 0 posses! B specific

af finity f otsonosyogheride paptitietderivatieds carhbesprefareddrt thisendnoera pepti de of t he

i nventi on woul d,produc a. pQrphyrin-peptide derivatiyve possessing several
sites for bindi %gp%%ylé‘&‘a‘é“r"gﬁ%’@éxﬁaﬁ?%"ovﬁ‘é? E’“ﬂ?etmnﬁ&od? \{?xggwﬁ%gf' ﬁeenlt'graetfﬂol es in
nmet al bi ndiitrg, Wheeatiachied anziod peptidesthid fiesti@tal gragi vioukipsovBieadditiGial ahtlatidpsites

Lhan- boppbro b B BHPRT, TRE SRRy Ry Ry Pt Al A A B "

parti cul ar ,[SEgaDNmbak shvwian Figufead I0isBnidpateiahit dhemet2lSiadiftapadity of s met al

in the porphyrin nyc]eus, anpd. the lex is stabilized, by the i.m dazole
groups | On "fpReRIAE pvaverill B inprst BY Plessithize RoiE pt oot frpe pigrivatzed

por phyr i n- tpepdd PERpréperat@ydf i bispridyamythntihd Herivatiobshlates {odfe shfilieitieswithahes) at
nor mal physi oLogi cal conditi on% In the qpro hyrin nucl eys and é‘hat t he

conpl ex woulHhesE & £RpP dpivativesy ThhRvolaming gPRsPEIE IEFABERICE (5 ahPahadns he

por phyri Ru RaRE zilug?s)Qefégbtadwmg-t&&agmhﬂ%yﬂﬁinewlrgargas_;etﬁﬁlsetﬁﬁﬁtdagpxpdde GBS, ]9: h30
mesopor phyrin can be activated and co with the am no groups of the
pepti de enpitgiFAsionspceqaal e%hylf?aavwa%resﬂﬁﬁ‘g{ﬂﬁ&&a&em%g%Ewsﬁgx'a &pe: t he
free am no gidkA botBRae/i thepro@fit #uR tiRfredile resi n-bound peptide can be
coupl ed with carboxy agtivated porphyrin nucleus. The condensatior WO

01/ 25265 PCT/ USErsnagkyshne isanotheristreeycligrompovat eapghigioffindingdivaieatmetal jensy g

standar d methBRehrol bl ideriviBlI Q4 tHeditptits UGB §yRthesizealin @RI séMe AaRfdr aP GirREY T i N
derivatives of peptides of the invention. O her suitable porphyrins and

macr ocycl' CieKEyigthytaningigrivslivesods of attaching themto peptides are
descri bed in U. BorplRaineitt & gld@iSof cOmPSds¥8ehdanall [Hifgiatelfd cédtdies tepyRbYNT | es

and s macrocyclic chelators that could be attached to peptides are.known.
See, e.g., microg.yclmt’@fﬁoz‘bmgstoszemkz,ﬂe%,cﬁs{f@sﬂ ?%J}%"n%% IRAITPIBS QIR 311
5, 874, 573],c @dggpﬁgo@%?r%%mfﬂgh mlsxplnim@aésmﬂald\wﬁalg?dsﬁe?ﬁd@. amﬁgowpﬁﬁhsmoa A
vari ety of additiona tal chel atqrs and nethods attaching themto
proteins arl ‘g“ﬁééclﬁ’i“ﬂ@g%ﬂl‘ﬁ 3 jnejal ‘?’Qtlﬁiﬁ“"?\‘gfm‘?), ?5%%*’“98‘?5 bee PSR LRSI Sat es

ar e knowny tsgedifid Wifirli® ik tSpper. RO GTOthis EtelRtureid b béphili CofitietitVeEohivvarikdduced Or
maki ng derivatives of the peptides of the inventjon are dESCFI‘,I be uU. S.

, i
Pat ent s Nos? Porphzmpypepside degiyafive pessessing;severp) sijes ot bindine if ronper(ses é$“§%9‘f<)n wn to

be iron cheldaiies fo theld iréledinemdiy CHisine) Yhe ©dR6le r@iduesiigoBigiostes andB'i ofak of t he

pepti des of the jnvention are descri_ged in US._ Patents Nos. 4,912,118
tetrapeptide shown in Figure 6C may provide a binding site for metals other than copper, thereby

stabilizing the porphyrin-metal complex. In particular, cyanocobalamine (vitamin B-12) contain:

25 cobalt as the metal in the porphyrin nucleus, and the complex is stabilized by the imidazole groups

On the basis of this analogy it is anticipated that the porphyrin-tetrapeptide derivative would binc

cobalt (or other metals) at normal physiological conditions in the prophyrin nucleus and that the
complex would be stabilized by the His imidazole groups.

To prepare the porphyrin-peptide derivative shown in Figure 6C, the carboxyl groups o

30 mesoporphyrin IX can be activated and coupled with the amino groups of the peptide employing

standard solid-phase peptide synthesis. Typically, the free amino group of the lysine residue of the

resin-bound peptide can be coupled with carboxy activated porphyrin nucleus. The condensatior



1s and 5, 104, 865 and PCT application WO 98/54138. Additional non-peptide
netal chelators are known in the art or will be devel oped. Methods of
attachi ng cwWem/t/gass conpounds to proteins and pepti des ar@E/WH4I9RNOoWN in the
art, and attaching non-peptide netal chel ators to the peptides of the
invention is within the skill in the art!® See, e.g., those patents cited
above describing such attachnent nethods. 20 As can be appreciated, the
non- pepti de prcmettedan bk wbtiaveg dfﬂtimtriasnna&mgstmﬁpsi mc}hldd.sl Béisantthashesd betusedaivot her

met al - bi ndi n ep they are to peptide P, -
P2. The res %?F ﬁ& @?ﬁf"%g&'} rbl‘ée’}“lv?}hte? %Sp(\‘/%a{’]’gﬁe ’bvet"al h one or nore
met al - bi ndi ng f uoie aiable gd;@hmﬁsmm:aﬁebcytmrthelmerstah@mwd ofhaitadlingghesi toe of

Prof er abl y NEBHEDHE APHEDHE 5. HPE Yoma? Mo St O hg Qs tor BB of

the am no aGhddfcychic ShMRR s &E&o@d%@h{ﬁ@ne@% &%ﬁld@@\%re([lﬁ&ﬁ:{ i926,@. g8 1008 RatehRNos.
sequences of mang%met al - bi ndin

Th tid d
pepti des corghP8Phg ﬁzﬁéz%ét@ﬁ 9& ﬁégﬁél I ﬁ@gé%éf artrélc")émtg)é 96%-3’8 %dg’gp@éﬂ‘?%@%n

prepared in ¢7p23S3NB WeYsepedescri bed above for peptide P, -
Derivatives of these peptides havi ng{ one or nore netal-bi nd| ng funct| onal

group attached té veriesy 9épditipaalrasiel ishelppispad awthops efiatiachingnier)dg Rrotgins are

described a RNV peptide P, - P. 30 The inventi on al so
provi des rrel?%%/cg éluﬁ%%te%]\?o 7080 mgrs of the formula: P3-L-P3. P3 is any

pepti de capabl e Bfthxbcmgsaemno bindmetalndnchding P8 Sm@l*b‘é‘thméfbm forr
different. f al. ns no
2ci ds. As adERFBgERBLSbEne Rt aR R B s ik s TRD RIS/, BhEA: Hog s a0 AR 0

pepti des ar enéA8¥H761and each P3 may conpri se the sequence of one or nore of

the netal - bindi sites of th e ti u . %E'Bﬁ
substituted as dggdrf’xsf%%d , andlmrbé%‘1Ie 9’95 d’g ﬁgw Xiop& for
non- pept i de mM@bw@:Mloﬂ@e epmdéslocﬁﬂﬁlmxgmmnpre(@mbqﬂhnﬁ S:L&htamtisbhd:ﬁgm £186C) ,

both P3 peptl uted. P3 nmay al so conprise any
ani no aci d ﬂ]g’ﬁ%g{s%géﬁﬁﬁbﬂ%gwPﬁgémhon- pepti de, nmetal - bi ndi ng
functional groupadditiciasnigegilc aRaldckorsarakvoweintizert bBtidbe dlﬁveidg‘:adgMeﬂmds
capability of P3.. Preferably, each P3 is an. nsubs ut ed n@% di ng
pepti de (1 . @Fatasbing ghemipaleomponndiio B@MS&@* 3 ‘é;l“é?“ﬁ‘éfb‘thf‘ Az

whi ch bl nds rmﬁipadudb &B@DcheiMéEstto e ppaEaRE the i9aBion Brwxiﬂﬁiﬂ%skﬂl 1hlfh€aﬂ? Se@feqgips i S
P, (i.e., the dinmers _have the sequence P3- S - S - P3 or, nobst

preferably, q‘mePa‘@‘sc‘@d?b°VPdesF%b“E¥esPF}Wé@c}5’Pf6§/‘§em% L is a linker which is

attached t@ the @Esé@abobipadciarl] RhoapbslideimeAbhdiA3 funlstzcrﬁabgr&@s aﬁl}d beathadc al
group whi ch can connect the two P3 peptides through their am no
aci ds whicl t P@%V@iab\"éﬂp%ﬁﬁppéﬁ@é@ dpt Gppase Wnﬁfﬁlﬁ%}’é‘l“’é‘gi’"@& éﬂ gecbﬁt abl e"

i's meant th%suﬁmé’ﬁ‘e%déﬂ!@nﬂh@%oul&@d%ﬁi dRk HGndrd Vet ibHERE filaclichal@dupt RA#did0 an
ani mal (i ncluding human) or an organ to which the ‘Ee ptide diper is

adm ni st er ed°@§m§a*r@§imgt5“%ﬁﬂ\43?e Prefrsgblys MBI ceptaiptEon 3-hik groraprsferabln S 38R0 de

di mer. Pref eaEﬁP. lPYeferLbly MBBP contains one or more D-amino acids; most preferably all of the amino acids

25 of MBP are D-amino acids. Asdescribed above, the sequences of many metal-binding peptides are

known. These peptides and peptides comprising the metal-binding sites of these peptides can be
prepared in the same ways as described above for peptide P,-P,. Derivatives of these peptides
having one or more metai-binding functional group attached to the peptide can be prepared in the
same ways as described above for derivatives of peptide P,-P,.
30 The invention also provides metal-binding peptide dimers of the formula:
P,-L-Ps.
P, is any peptide capable of binding a metal ion, and each P, may be the same or different.

Each P, preferably contains 2-10, more preferably 3-5, amino acids. As described above, metal-



is links the two P3 groups so that they can cooperatively bind netal ions
(simlar to 21pept|de nmeta conplex; see Exanple 10 L is also

pr ef er abl Vor{’é/ﬁzf Most preferably, L is a straight-Eh F3p0rg0s2

branched- chai n al kane or al kene residug, containing from1-18, preferably
from2-8, carbon atom (e.g., -CHZ- -CH, CH2-, -CH/CH, CH, -

- CH2CH2( clic al kane o al kene ue
cont ai ni Sﬁ%‘ﬁ%ﬁeﬁ“ﬁs ”%F%‘?‘@r %flﬁ*l%? BW mgprisg WF BgHensE sﬁ?get’@wﬁ@ws 319A,
conmpounc  26inddhg siteufeesy papridés. K IthaGghedc R may R3ubyitidiaB Geseritad atdit Bep lahdkage.

Such |inkers rticularly ferre because they i mart hydrophobicity
to the pep + g uindea nop ersb iR bifiag Brruega! émmﬁﬁ@ﬁ‘twpﬁyflgmég%both
ni trogen- CP),@E@MEH aftpraierhidy .ﬁﬁly&huufédawi kAP Esd REipHitany Sfigo ﬁﬁcgsucimené%smﬁ@mpounds
D2, D3 and preferabll%lﬁ perazi de (see Figure 19A, conpound D2).

In
an other pr E'I‘]?ear"t"% BERHH FWIA ‘?mg_ﬁ'“i“ém“"djgr%‘éarsﬁfs‘:%%e@é?m’(’ ?@@Vﬂeé‘ti’l"&mi §inding 5 npound

in foré‘a‘gi@ht%f R i BrefRAbly Kith Mris ahYdnseRiti@l Nifdehl- 3§diﬂ§ qfe?}[&ébq
cont ai nin carbon atons). These preferred |inkers owt e two

pept i des Plnswzﬁ"wfeaaemléf %Wnprl@n%a ReBlrssrmency @high bipds “§Faé‘°ﬂﬁ) Jdevpraierapyone and t he

peptl de di SMoth dF a2 ) &ro 9?5' the dmﬁ?s%a'vé‘thlea&ﬂlgmﬂulang -ipl 85. g BBQ or, most

"bi oconpatible” is nean ha pepti de di mer contai ni ng { he nker does
not producléfef&WP‘Yulﬁd&lPr)aBlléd%ﬂ"d%a@l"? ects due to the linker L |n an anl mal
(includipg a hlmara linRér mhoigqa&hécpm%e @J?e.ﬁlnﬁx BB’ h@i@o?’bzﬁﬁ'? | B nfagHk RhyST er ed.
30 NEthods o nt hesi zing the peptide dinmers are illust rafed in Fi gures
19B- D. rouppwiich can goanget hetwodhpepedeschrenghthsirdi-empiay apinogeidhwiel and

pr ot ectl ngls%%m@m%ce%&m gy tpgﬁuﬁagsc)anpaccamle"tlmea% tgstodulsean@er&an@; tached

to L, and the resultlng am no aci imers used in standard

synt heti c astaipieshalipk @%ﬁé‘cﬁ@pﬂ@d(@Flﬁé‘F‘SahWMFQ@B%OPM@WI%QSZ

20 For i ns§aRGesdninReRl hifrediTethe m\eﬁ%@oﬁﬂ&ﬁhkaqpmﬁ%emé AR BEGUEHIE ASP
Ala His Lys, can be synthesized by coupling protected |ysines to a free
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readily s y‘?ft“kfé%q %@w afjpne of a}merféa@ete%wns ﬁovael Savrfferalddrﬂom?s% &hrben atprpe

l'ysine di n@ fg. Sl E FieHieH,L 98N @@@Hkl,e OLeRg @hbﬁws.tc ) bPa Sychil AlkdnB @:
solution o fl uor enyI rret h %car bon Frmc) -
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indry dionﬁ fér%lm}@@t \ zyméaqpofmrmnxQ£ ¥nka@éed Qﬁl:hflllnkb?f@gﬁamcﬂfaﬁ%ﬁgféﬁ'@

t
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i solated by flash chromat ography over silica and el ution wi m xt ures of
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(see Figure 1 Anot her peptide di ner, where each Pe t'i de has the
sequence? Agrpfeﬂp cp{ptgqu_\gé -6 cathpn gems). These preferred linkers L will allow the two peptides P

to bind metal ions cooperatively and are biocompatible, and the peptide dimers can be made easil:
and in large quantities. By “biocompatible” is meant that a peptide dimer containing the linker I
does not produce any undesirable side-effects due to the linker L in an animal (including a human
or an organ to which the peptide dimer is administered.

30 Methods of synthesizing the peptide dimers are illustrated in Figures 19B-D. In general, the
C-terminal amino acids (protected by methods and protecting groups well known in the art) of the
two P, groups are attached to L, and the resulting amino acid dimers used in standard peptid:

synthetic methods to make the peptide dimers.



15 synthesized as follows. First, a different protected lysine dinmer 4 is
synt hesi zed by acylating the two amno centers of a piperazine 5 (see

Fi gure 19C, waemnatsso Chanbrier et al., Proc. Nail. Acad $ckwson286;
10824-10829 (1999)). Then, the remainder of the am no acid residues are
added enpl oyi ng standard peptide synth2&i s nmet hodol ogy to give the peptide
dinmer 6 (see Figure 19C). Peptide diners, where each peptide has the
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dry t ol uenitehlpdiampines aieyavailaglsrrommeraindly or ﬁ@tabledeam@smh% ibyopathesized | bz d| ol
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di ssol ved i n ethoylnsaaet dicdysidehdisier z(mgm»é 08B} @nviaShepdrediat follbwtsr iTo aastingd
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01/ 25265 PRIHOSCE SB0ED SL5to] RN ROPGaN: edBPHe Getich “SenuPRancsr Pe,
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(SUCh as acetic opl oni ¢ Succli ni Cc Ic, Sstearic aCtI C, mal i C,

tartaric, citri O%EQPmléﬁ#Ener,bwﬁzw@h péra}diedw he seacaca A Aladds Lys Bades
(such ast QaBYAEAGHSys. @ﬁgtbﬂ?ﬁér@ntgfot&{eﬁﬁfs{ﬂgﬂﬁ{e%1s‘§§ntl§b51zedbyacylatx gthetwo
pharmaceuti‘cal I'y-acceptabl e metal cation The salts are prepared In a
convent i onathinpregvtees of a p@e@?gle 5 (bfy Figaret 1981 sezlahg Chiypbrier eteal bé@e N@lr drast S¢ihe
conpound |nd| ng, C ound of..the I e e
used to r\gé GEO%F\I%%@%’&@% ong ot eoa’?lg%ﬁ%% reé’%?(‘:lgss%srgarrée({&) lgﬂing
concent r at dtadsrdipaptide s;’ﬁﬂhdmlmetﬁﬁaoldgy ®Qiveahd fepde dinbrdé @ge Bgﬁrﬁﬁ)ﬁmﬂ of the

i nvention is adm n4estered to the anjnal._ Preferably {']P; anl is.a
mammal , such adeRtiqeAiBrre, Wheggeach pegiige hasthe SQqSE ASh AR HiELYS £ EE‘FF {ds Bosage
forms, nzad ?ceﬂf e@&@aﬂb@&ﬁxﬂ{eh% R RS104Q S PRLES. éx@stﬁﬂi@&'ﬁio%axfeolrz HRG of BinQUY in
corrpounds of the inventiion may be determ ned enpirically, and maki ng such
det er m nat Fievrs 1918, whietefiri B istanalkykor aryl ke qotranengially aveilahles Pﬂé@ne dientmid, vhesginan
effective i S..f t about
70 to about EUE) al SORepRRPH ook (80 Plee T T e RARCREBR oY FLIbOD:

under st oodLystBdch@He{Z&dmdoleazm dryltotdase (am mijdy argdsrdhdbezﬁg;adamﬁmethwybfopm y

with the r ar ta ..o ed se
condi tion fgdﬁ%&‘pb (g?i) anfiH’é’ nglogng.q stnﬁ‘ setgtsg%%r?jéi%oﬁr |r‘(g)°nn,]l t he
rout e( S)2s oempetatuei The sdlventis réditﬁleﬂ ﬁiﬁc@f, aeeBi¢ REidanis dfssdlm ic ethjausigte. This

solution is washed with citric acid solution {2%), water, 0.5 N NaHCO, solution, and again with

water; then the organic layer is dried over magnesium sulphate (removal of the solvent gives a pale
yellow residue). The bis-protected lysine 8 is isolated by flash chromatography over silica and
elution with mixtures of ethy! acetate/methanol. The peptide dimer 9 is then prepared from the

30 protected lysine dimer 8 employing classical peptide synthesis methodology (see Figure 19D).
The physiologically-acceptable salts of the metal-binding compounds are also included in the

invention. Physiologically-acceptable salts include conventional non-toxic salts, such as salts derived
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t abl et s, povvders granul es or as a solution or a suspension In an agqueous
or non- esqmmuéwmcqgn e logvestadosaitfective- topradncean thopapatic efieadi Howevgnithe daily
enul si gn " base,
such ag) goe %’r wﬂtsbeaé(l;bt&mﬁé 8 % aﬁx{&%&h&é@ﬁgﬁa Qg%%%ailng? %Mﬁdﬂ] ?%O%P tg&rngach lo
cont ai ni mgdxaalpudgdaemelﬁdenmd thtrtffmuve(ﬂallﬁdmmgbmﬂmmstebd apveskrds, fory fi,i on as
an active_ingredi ept. A conpou e present inven
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powder s, gra es and t the actjve i.n lent .is m.xe t one or
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extenders, such as starches, |actose, sucrose, glucose, nmannitol, d/ or
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transdermally, intracranially, intracerebrally, and topically (including buccally and sublingually). The
preferred routes of administration are orally and intravenously.

While it is possible for a metal-binding compound of the present invention to be administered

30 alone, it is preferable to administer the compound as a pharmaceutical formulation (composition).

The pharmaceutical compositions of the invention comprise a metal-binding compound or

compounds of the invention as an active ingredient in admixture with one or more pharmaceutically-

acceptable carriers and, optionally, with one or more other compounds, drugs or other materials.
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molecular weight polyethylene glycols and the like.

A tablet may be made by compression or molding optionally with one or more accessory
ingredients. Compressed tablets may be prepared using binder (for example, gelatin or
hydroxypropylmethyl ceilulose), lubricant, inert diluent, preservative, disintegrant (for example,

30 sodium starch glycolate or cross-linked sodium carboxymethyl cellulose), surface-active or
dispersing agent. Molded tablets may be made by molding in a suitable machine a mixture of the

powdered compound moistened with an inert liquid diluent.
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example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol and sorbitan esters,
25 microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-agar and tragacanth, and
mixtures thereof.

Formulations of the pharmaceutical compositions of the invention for rectal or vaginal
administration may be presented as a suppository, which may be prepared by mixing one or more
compounds of the invention with one or more suitable nonirritating excipients or carriers comprising,

30 for example, cocoa butter, polyethylene glycol, a suppository wax or salicylate, and which is solid
atroom temperature, but liquid at body temperature and, therefore, will melt in the rectum or vaginal

cavity and release the active compound. Formulations of the present invention which are suitable
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of t he conpound across the skin. The rate of such flux can be controlled by
ei ther provW&iom@s2es rate-controlling nenbrane or 20 di sp&irsioedtizhe conpound
in a polynmer matri x or gel. Pharmaceuti cgl conpositions of this invention
suitable for parenteral admnistrations 'ﬂtorrpri se one or nore conpounds of
the inventiqn in, conbinati.on WIQ ne or. nore pharmaceuti cal -accept abl e
sterile i sot'@nfa8maAEHEration 3gprin &%é%’i%“%soﬁaﬁ’f’?'&n%r?m&ﬁ §%%rp§?“3n ams or spray
suspensi ons feinuibhsdoBfing Qlichth@ieisla@ard RMEIAT i8 thiakabibd@yprdpRate.econst i t ut ed
into sterile injectable 25 solutions or dispersions just prior toQ use,

whi ch may cont ai R8s 8% 'aeths ©pica) of tragpdermal adrppiseatipn Plafompaid of thispryention
formul ation ih&%%{vﬁer&‘s&{%ﬁ, RO asts, s RGOSR, sQeidal §Rlch& dspsarndi ng
or thickenin agents. Exanples of sui tabl e aqueous _and nonaqueous carriers
whi ch may bér%@}m!so'yfwacm tomwoungieayrbs cuxAdiuaedr seolrpoRditiang wih a pharmeceitinalint | on
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particl e si zellilosetitryyaibas @olyéthyeregbrds,silisones hehtdayted, kibcicsdd, oic asdrihamddengrs. WO
01/ 25265 F;CTrAiUSOOIhZGQ 2 25 These conpositions may al so contain adjuvants
such as wel tVAGAGERPY, enul sifying agents and di spersing agents. It may
al so be desi r abl Bowdarsanddpriecah 8@ita) irmadadigiemtoa consiotid of thisSnngatian, exspibntsuch

chloride, and, the like .in.the conpositions. |In.additiaqn, .prolanged.
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suspensions or emulsions, or sterile powders which may be reconstituted into sterile injectable

25 solutions or dispersions just prior to use, which may contain antioxidants, buffers, solutes which
render the formulation isotonic with the blood of the intended recipient or suspending or thickening
agents.

Examples of suitable aqueous and nonaqueous carriers which may be employed in the
pharmaceutical compositions of the invention include water, ethanol, polyols (such as glycerol,

30 propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof, vegetable oils,
such as olive oil, and injectable organic esters, such as ethyl oleate. Proper fluidity can be
maintained, for example, by the use of coating materials, such as lecithin, by the maintenance of the

required particle size in the case of dispersions, and by the use of surfactants.



be sterilized for exanple, by filtration through a bacterial-retaining
filter. The fornul ati ons maybe presented in unit-dose or nulti-dose seal ed
cont ai ner ¥OPBF8 ampl e, 20 anpules and vials, and neSFTHSUIBRed in a
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carrier, for exanple water for injection, imrediately prior to use.
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conpounds i nvention | nc nervous systemischema -
Brai n i schihsitypealfscabedatoygery Hyperthernmia brain injury Perinatal

hypoxi a-i nduc edAsl; 1?09&%%\%, flO@ %Q%egrll reBgljte%XO }Jlay a major role in a variety of diseases and
25 conditions. See Manso, Rev. Port. Cardiol., 11,997-999 (1992); Florence, Aust. N ZJ. Opthalmol.,

23, 3-7 (1992); Stohs, J. Basic Clin. Physiol. Pharmacol., 6, 205-228 (1995); Knight, Ann. Clin.

Lab. Sci., 25,111-121 (1995); Kerr et al., Heart & Lung, 25, 200-209 (1996). Diseases involving

or caused by excess metal ions are also known. The metal-binding compounds of the invention can

be used to treat any of these diseases and conditions and other diseases and conditions in which ROS

30 or transition metals play a role. Specific diseases and conditions treatable with the metal-binding

compounds of the invention include adult respiratory distress syndrome, aging, AIDS,

artherosclerosis (hypertension, senility and impotence), arthritis, asthma, autoimmune diseases,

cancer (e.g., kidney, liver, colon, and brain), carcinogenesis, cellular damage caused by ionizing



Spinal cord injury Stroke (thronbotic, enbolic or henorrhagic
cerebrovascul ar accident) 20 Transient ischemc attack Traumatic brain
injury CarV¥Pa¥2®€chenia Acute myocardial infarction PRRYSWASPectoris 25
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Hyperthermia brain injury

Perinatal hypoxia-induced ischemia (“cerebral palsy™)
Spinal cord injury
Stroke (thrombotic, embolic or hemorrhagic cerebrovascular accident)
20 Transient ischemic attack
Traumatic brain injury
Cardiac ischemia -
Acute myocardial infarction
Angina pectoris
25 Arrythmias
Cardiac ischemia after surgery
Congestive heart failure
Myocardial "stunning"
Ischemic bowel disease
30 Placental ischemia
Pulmonary embolism
Surgery where the blood supply to a tissue or organ is cut off -

Angioplasty



As yet a further exanple, a conpound of the invention can be adm ni stered
at the tine a patient is to undergo radiation therapy ., radiation for
a tunor oYM to a bone marrow transplant). 20 A cd’r?%ﬁéﬂ%z & the
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pUr poses Ladd. injubPdeReitAsdBR (1945, 88ld tyb¥ BHd && oTSHj &9 Witbdt URdwledge of the albumin
levels of the patients. One group was composed of the patients who died, and the other group was
composed of survivors. Following the match, the admission albumin levels were retrieved from the
medical records by an independent observer, and the albumin levels of the two groups were
30 compared. For the 17 survivors, the mean albumin level was 3.50 + 1.00 g/dl. For the 17 patients
who died, the mean albumin level was 2.52 + 0.73 g/dl. The % variance was 28.6 and 28.9,
respectively, and the p-value was 0.0026 (95% confidence interval 0.3462 - 0.4771).



The invention further provides a kit for reducing the damage done by ROS in
a tissue or 20 organ that has been renoved froman animal. The kit is a
packaged coWBitH#E45on of one or nore containers hol di n§CTEHERHES and ot her
items useful for preserving harvested organs. The kit conprises a

cont ai ner hol ding a netal -bi ndi ng conpound of the invention. Suitable
containers incl STAA i her
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known i n t he Adethatasly, thhicohporays bfcthd esemiabkan Yer givendn compreation atith2éeandicaser

st andpoi nt, such as,di)uent buffers,.emty syri.nges ubi n e _pads,
di si nf ect ant *“*<BIEHT on}fre%tr%d.’sda]E%&Kﬁgﬁﬁé m%ﬁ\/&fﬁ%fée %ﬁ/s rrﬁuﬁéesicgta%%%gﬁ#%%%%t i de
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DMF was  dr airf]6eh. P8 (i), G8EN MRS %%Qit ‘ﬁe%%@?ga%@))ﬂ H%h}a%mﬁ‘al WLl on
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noni t ored by i i tes f i eri od, DVF was drai ned,
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nitrogen-s [ S.:] WSk .

i xt e of yoreeh Bk selbeen M AEA STl S rRARE o bl NGy o
resin was shauggindroholdibp tagedss dnd other itemulusefvd forguestrivive hatyadtedogrgahs by he et

i nhydrin t . - ' 3 Yo =17 eS|
wes washed wtTise GG e | B BRI Shmpls OFR SAIE SUBNR, Lifukas T
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treated with
25 and user standpoint, such as diluents, buffers, empty syringes, tubing, gauze pads, disinfectant

solution, etc.

EXAMPLES
EXAMPLE 1: Synthesis of Tetrapeptide Asp Ala His Lys {SEQ ID NO:1]
30 This example describes the synthesis of the tetrapeptide Asp Ala His Lys [SEQ ID NO:1}

composed of all L-aminc acids using standard solid-phase synthesis techniques. First, 9-
fluorenylmethyloxycarbonyl (Fmoc)-protected Asp (v COO-ester; Tolsulfonyl) on Wang resin (0.6

mmole; Nova Biochem) was suspended in a solution of piperidine/dimethylformamide (DMF) (40%



20 trifluoroacetic acid (TFA) and was shaken for 24 hours. At the end of

this peri ni nhydrin test gave a blue color ting the rel ease
of the tetg'(r?ye{)p}é% Ide fromthe resin. In sone ci rcunstag‘gjggsqm’ 23%di ti on of

5 VN) of DMF to TFA accelerated the rat®e of release of the peptide from
the resin. Renoval of TFA at reduced pressure gave the tetrapeptide (all
D) as TFA géal; 8 mdfar Mnmme&auMagnamacwumeahd &fGhik pe’noaélhmwreﬁtwa-fhﬂufeesi due

was a white wder. and char act er |
nunber of &Ranti r?)srjfb‘r”gs %eqf'eé‘f ?iay B% ﬁgﬁb%%g%@ ‘ﬁ?‘& %ﬁ" ﬂ?éﬁﬂazner
For exanpl a;nhydrﬁﬂesnivaﬂsemm mmmd:sreacﬁmt ITae aexat»uadsmﬂlymvhlesw (FDMBTRIE®

tetrapepti de cont al | LNo _acgi s of L-
acids and Iﬁfoé‘?ﬁtﬁq tabﬁ ygéyﬁwngég{% &¥ero W\/@E%“?S %6@? 38’!13 gpxture o
Cycl ohexaneldisammlaamevata veqafvalhs@t)Al #hdH 8-UYB bESERria2oNO1 34)-1,2,3,3-

Tr ans- di ani noc ohexane by resql VI n cis/tra
L e o ket haorp et G o} (4ap flen) e v SPAkeR F ghoutde
S—CtT /r 32500; g gxggﬁg a%%hie&ea?ﬁonﬂﬁ@nﬁﬂﬂdor&ﬁgy ZS% Eélh!(i%fﬁmltt)ééﬁ_fll_?ﬁtrthe\/@daiﬁﬁﬁazﬁ&i DMF was
mel ts bet ween
Uni ver si t y deastedeand theeeginjygspvashgd pith Diigand DGIMeTh“HDEWg“ KP%?IH%WI%%E% (10

gm was t h%r@»‘kfsﬂéﬁﬁﬂﬁﬁb@lﬁ (ﬁf‘@ﬁx@r Q'Hé;prbl@étii@ BRoup 3ﬂﬁi-alpé}iﬁde Eé@ﬂlvﬁgrehﬁveﬁﬁd n an

i ce bath, and bronoacetic acid gm t ol uene

dr opwi se.!* Ae bepfls Weprguspgided ﬁé’l‘é%ld’F’t“P%Pf°‘et“ﬁ%(bF’é%(l?t‘?)éﬁ"‘ta@hifgr*’%&‘é'f‘%(md?)a| sed

to 30C and vigepddedtrollohdd bﬁrﬁiﬂﬁ%@&%ﬁmﬁﬂﬁmﬁe ehMVAIORYandTHPUL (3 equTQleHﬁ rVlehewas
evapor at ed, and the R-trans 2-di am nocycl ohexane dj acetic acid

crystal | i z&ePFvasshakendarabeytgt h@ﬁ%a&ddhw%wlamm%eé%mﬂ"(*Wteﬁathve%of thnshe

product wagaeﬁ&zﬁmmv% brafed, aﬁ&/m@@ﬁﬁtvm%ﬁhwvﬁmmmﬂs)cﬁ NEhe @} ﬁuetmm\das
tetrapepti repared in Exarrpl e | (20mg) was suspended in and

was treat edigi friediina gently stppampf 21“6%3@1#8@9@ grhig,utrrean-satweted DME; r‘(‘%"GFdrrg

fol | oned \byysaddivdsi Bed, iflloWed athH(rttﬁ‘e of dafi haRY | (@Fhiealéd®) aQuTYRle@t) and
TBTU- (4 equ)(val ent The I‘ESIbg] was_shaken o?%rgﬂa out( rgj h orﬁ) a roll ermThen

the resin WAS IR die Foip frapsbrken Sarjabos & BRrrsind thegsastipn mopiigred by thepinhydring j e

Hydrol ysi s (af. Athge dn@2F this fe AR OMPVRS dedided @h®le R¥inlwaE daihd@ with ©MFEaH Dhdyeund
reaction product with TFA (5rr1_ 5 hr). The resin was separated and washed

with DCM Tie BReEmicring afpupavas eascfistiyrepovadiin iy ke sgtrapeptiicband toithereyim ydth

vacuum Thatﬁﬁm 1Qiting oF 8 Ginf? ATE s ABbIA tdtRbepRREPLS @R 5 mindlab)WabtitatedSvithen 1 N
characterized by spectronetric, anal ysis.

Fi gure 3D wh re R.iIs S
EXAVPLE 3 'R ‘é’ﬁ‘é‘f’%&’ﬁaﬁiﬂ %Mm‘wa haken fE24honrs ot ahe qad afthis peried. thewphydpp 5

tetrapept i gaved ¥RAORE, ihdicabiX@iiPleade of 42 tdilipeptiad frSt HROASIE th soe BMumsfandds) and
The resin s shaken at

treated with excess chloro cetl c aci

room t errperaa ‘H?'b“fs({?((”\gd’fﬁé’“)%[f Fé acqe Q‘Wﬁfgﬁé‘éﬁ o erpeptisig Eomdhe I5sip- ¢ per
hour. DVF vsobva prmatbydutédlpwsa&é £ the RtapdpBdd (P DNas\FA 4R BkiEshs Midd unBbd-

foll owed by DCM (5x3nl). Partially dried resin was used w thout

vacuum at 5°C for 24 hours. The ‘residue was a white powder and was characterized by

25 spectrometric methods.
A number of enantiomers of the tetrapeptide can be prepared in this manner. For example,
use of D-amino acids in the peptide synthesis forms the tetrapeptide containing all D-amino acids.

Also, combinations of L-amino acids and D-amino acids can be used.

30 EXAMPLE 2: Preparation of Cyclohexanediamine
Derivative of Asp Ala His Lys [SEQ ID NO:1]

Trans-diaminocyclohexane was prepared by resolving cis/trans 1,2-diaminocyclohexane

(Aldrich-Sigma) as the tartaric acid salt. The R-trans isomer melts at 75°C and the S-trans isomer



further treatnment in the next stage. Hydrolysis of the resin |inkage was
effected by treating the resin- bound reaction product with TFA (5xnL; 5
hr). The re¥PAY3RBE separated and washed with DCM  The PGEEMPAGSE? wer e
conbined with TFA and concentrated under , %(acuum (yield 30%. The product
2s (fornmula given in Figure 4) was characterized by spectronetric nethods.
EXAMPLE 4: P £ i 2 ' [ d
et rapept i do o asaran e Eh R B et AR E L8 CRoRp e 8T g
treated wi t hiraresiggponqeinjehiexant b(Oaina;msbhmyix@mdaﬁh anhfydiougsolneie €3 0nfloandigbeledfoven

in Figure 6A), f y (8
equi val ent) %irg: n%ﬁ'{}% 481\eg§g°| va en%)’é(Ig%ﬁ%’%rog‘éﬁnﬁé\t?\glsﬁgﬁsfa%béd%?%wsgb%ﬁ{g efg
hours on a r of therdditegpt the reactiod aerkpecahacrives raisthe 1086 iamd kaps atwhes hepebeaturdfor BIVF
fol |l oned by and arti dr oI

li nkage was € eer(ét% e ng)O! fvaﬁmatf%g Cﬂ'é ﬁa.rg 5%c?o|hg>ﬁan'éd1§ Ec%mdqwafh TFA
(SmL; 5 hr). cﬁhﬁhzaéﬁbm hmmd&ﬁﬁﬁd’ta'gﬁda ahitk SO0 @ibleB%.STkE@ﬂHth%é AafRbiErized 1
washed with g)CM Eh?? (1:1.5m). The washi ngs were conbi ned and
concent r at ed XJW&%PSC"@%‘E “The porphyrin tetrapeptide (formula given in
Figure 6C) was pm][mfw:mohm t@RPAptifd BRAredid E&@malH?mn{g%Wﬁ|siikpﬁ@%dm DMI(S mI.t))
structure was confir ect rretrlc t hods ur.e can. be
used to synt HENSER ﬁ’éﬂf’g‘%% arﬂ’é‘ﬁ?yfﬁgemegﬁﬁﬁlcé‘gééﬁg‘éﬁg gY?F%‘“@“I and
rel at ed rmlgecﬁalnesnueﬁmﬁi:@yﬁmu@(marvammd QIBTWQJJ, tabaBm). rzmelgekzﬁwas/dhaken for

Tetrapepti de ,-The r.esin- tetrapepti de ), was
suspended i n235KF4 lBO’hﬁo grg‘e’f s e ‘}’)’ ﬁ’(a)tévﬁyf‘ﬂ[}w‘fl g?ﬁgﬁ/féégwgg‘
This was f ol poues dayd. tmanﬂ;dmoﬂheﬁ’esmfnnpagrelﬂb Bﬂﬂectet{@y (c€htifg mh}esmmand R&dtidn Was
shaken for abouyt 48 hFours on a_roller. The resin was ‘éﬁi’qﬁ W t h. DVF,

fol l owed by of witisThA (mLep e hgtesia pps sgpargtesiand washedhyl %ﬁ%&hmgmﬁrﬁt hen

dried under mmmmﬁmxﬁﬁcmcaﬂxta&aundem:smrym&esmhe(eﬁ%hé@ﬁwmﬂ;m&@g@uws
ing the resin-bound reaction product with TFA (Sni; 5

effected b

hr). The Ctishr \?!égwgf@fs&ga{eé&’ Wi RedS HOWRSAEREIERT BYRRCFPRE éﬂaiyelf 1.5m).
The washi ngs were conbi ned and concentrated under vacuum The pyridyl et hyl
is tetrapeptide derivative, (forrrul a gl ven i.n Figure 5) was purified by
sem - prepar a PHBPirenamtion o Fetrapgptideriehracetic Agld yr ¢ was confirned by

spectronetric m3tﬂh@@Sn—bEﬂd&hﬁ%éﬂﬁ@eﬂ%ﬁm@ﬁ@x&ﬁpl@-@?0'%&5@%&@@& inDAtEsaeyc es,

such as phenant hr oI ine and re nmo| ecul es 6: Prepar at| on of
Aryl Deri vat #@dreged widhexagss (105feld) shlorqacgtioasidh Taeresip wes gfekenahioerdermRaatigior ne

formul a shgwg ﬁoﬂ:s%%ﬁb}ﬁ&au%ré@‘d‘fo&ﬁxhﬁer RAGNBME WiB fenddh &3/ Bbhtion, and the
Di et hyl acet am domal onat e in anhx’?r ous et hanol (100 m.) was added to

a slurry of @%Mwa%%w laMF 0@%%8? 6*3yely)- Butiphy)drigthtesin gt usgd PEhOUES | ux
for 30 mn. ﬂiﬁﬁer&ééﬁgé&ﬁﬁnﬂ@ﬁx@ﬁg ﬁ?d&ljyggfthe@aﬂxl gﬁ%@%ﬁfﬁét&&bﬁfegﬁﬂgme resin-

a. brom)pheng/ acetate (5 gr réacti on wa to proceed to
ound reaction product wit TFA (SmL 5 hr). The resin was separated and washed with DCM.

The washings were combined with TF A and concentrated under vacuum (yield 30%). The product

25 (formula given in Figure 4) was characterized by spectrometric methods.

EXAMPLE 4: Preparation of Mesoporphyrin IX Tetrapeptide
The resin-bound tetrapeptide prepared in Example 1 (20 mg) was suspended in DMF (S mL)

and treated with mesoporphyrin IX dicarboxylic acid (10 pmole; formula given in Figure 6A),
30 followed by addition of a mixture of diisopropylamine (8 equivalent) and TBTU-(4 equivalent). The
resin was shaken for about 24 hours on a roller kept in a dark chamber. The resin was washed with
DMEF followed by DCM (5x3mL) and partially dried. Hydrolysis of the resin linkage was effected
by treating the resin-bound reaction product with TFA (SmL; 5 hr). The resin was separated and



25 conpletion (24 h), and excess sodi um et hoxi de was neutralized w t h
dilute acid. The triester was extracted into ethylacetate and, upo

renoval ofVBR¥Eht, gave a viscous liquid. The crude gAGERY209%as

hydrol yzed with hydrochloric acid (1003ym.) and decar boxyl ated to give
phenyl substituted aspartic acid (10 gnm). The N-benzoyloxy t-butyl

deri vati veva9Ra with BEM/EHA Wik (A1 Sinﬁy daE @asfhﬁ@:?{va%om&ﬁ%ﬂ 6éhcenli@tell Dfder
resin-bound tripeptide (Lys His Ala) prepared as described in Example 1(20
ng) 30 i n YEWRMywARE PoEREn chizperbidsd formyip pixgnin Figure$C) wasrarifiedbysemidprerarativat i ve,
fol I oved l‘m@ klea%S Phe stﬂbm%emnﬂm é&oﬁﬁmc\feémg) and TBTU- (4
equi val ent) . e reS| n was shaken for aboutp h, and the reaction

nmoni t ored by tﬁles Prpmdy@rcmnbetlésd to Smhwlheotéqiaomflmmp@ﬁé@rﬁuddas NRIFPOpRAIgTIN

dr ai ned, _ ?Q@jre%@ﬁ ngs was washed with DMF and DCM The sol uti on was

dr ai ned,” an s Wwashed with WO 01/ 25265 PCT/ US(}0/ 26952 32 DCM (3 X
2 m). The t et rapeptl de derivative was isolated by careful hydrolysis.

St er eoi so fothe tetr ti.de.were parat.ed by preparative-scal e
HPLC. EXA %E?'mn%im%%e rafion OPEfrabicpiridilerty T %n"—gga et ROS 5 By The Tetrapeptide

Asp Al a Hi s LySheSé&sin-bdunbi@trapepfide’prépaied afainpldd (Imng)ngxs sdsaenﬂe:qﬂBMFe{SinIAsp

or mor o COMERFLE REop P GRIBREL, i ECTe DI RH Y TReds o] fevititng

Ansynt h 15¢0.5 mtR.SThe@Esih wisshakey Forabelht &)mmdhnl%asmar The rediiavap epdhedl@itlBMF,

70" The. abithler BOCHIs Lot e etk be s BRLTHS 06 SR MEDToRES whs

t e; t gg as fsle;ggxgmb@d Hgolﬁii bfahd :Ggﬁlhﬂﬁge Wid elﬁfe&éd byPireacihg gne rdancgljabmﬁredm%gié)
759, 38-41 (1 eese n.etal ., Biochem ,, 252, 649- 1
Briefly, ) lﬁha'B*dM I THheqets watePHatet prd @’éﬂ@%é‘f‘?ho[ﬁ &‘6‘}!

radi cal s I(I‘rlamE?nﬂ“ﬂé\whéfm%srv&?&deﬁH}nedeﬂe cbﬁﬁdﬁtﬁ&t&d m{daﬂva‘cahxﬁ %E@?ﬂfdyﬂdﬂ@lsugar
2- deoxy-D-ri bose sugar resi dye of roduce ﬂlr]r)ents Heat i ng

the fraghdfifagentde 46&0&?%( ﬁv’aﬂwwm%g%ﬂmwagmw%afewa% LhdvigddPti on

of 2-thi olygy hihé sthicfurédwastonfiinfed B scidntricméReaRgen whi ch can be neasured
spectrophotorretrlcall at 532 nm_ Thus, the absorbance at 532 nmis a

nmeasure of theThigBipagre nde Jepjied t@‘l"?'ﬁlﬁ?&’“@?ﬁ@%‘f&?&?h%’é‘h‘ﬁéi‘? B relatedii t h
and wi t hoyteoldchRs L-t et rapeptide. The results are summarized in Table 1. As
can be seen from Table 1, when the L-tetrapepti de was present at
Cu(ll):tetrapeptide 20 ratios of 1:1.2 and 1:2, the degradation of

2- deoxy - D5 ABEE cha&*ﬂh%?&ﬂl D¥ivaiivé a¥dp K&/pnsm%mmm Cearly, the
L-tetrapeptide i nhibrted the degradaiion_o oxy-D-ribose by hydroxyl
radi cal s. TABLE& deriatis bevingije fapoula ghewp lw@mlgewhqr@e Ro phenyb 325 prgpaned: cent
(mM I'nhi t131511'1§‘?£l:etarmdom:«ﬂonate(10 gm) in anhydrous ethano! (100 mL) was added to a slurry of sodium

ethoxide in ethanol (5 gm; 50 mL) and heated to reflux for 30 min. The product was cooled (10°C)

and reacted with ethyl a-bromophenyl acetate (5 gm). The reaction was allowed to proceed to
2s completion (24 h), and excess sodium ethoxide was neutralized with dilute acid. The triester was
extracted into ethylacetate and, upon removal of solvent, gave a viscous liquid. The crude product
was hydrolyzed with hydrochloric acid (100 mL) and decarboxylated to give phenyl substituted
aspartic acid (10 gm). The N-benzoyloxy t-butyl derivative was prepared using a standard reaction
sequence. To the resin-bound tripeptide (Lys His Ala) prepared as described in Example 1 (20 mg)
30 in DMF was added the N-benzoyloxy-t-butyl aspartic acid derivative, followed by a mixture of
diisopropylamine (8 equivalent) and TBTU- (4 equivalent). The resin was shaken for about 24 h,
and the reaction monitored by the ninhydrin test. At the end of this period, DMF was drained, and

the resin was washed with DMF and DCM. The solution was drained, and the beads washed with



Control 0.1 2.0 0.0 0.124 Tetrapeptide 0.1 2.0 0.12 0.077 38 Control 0.1
2.0 0.0 0.175 Tetrapeptide 0.1 2.0 0.2 0.048 73 A simlar assay was al so
performed u¥Ory2Rst et rapeptide having the sequence Asp PETUSH/E9T s
conposed ofall D-amino acids (D-tetrapeptide). The D-tetrapeptide was

obt ai ned from one or nore WO 01/25265 PCHf USOO/26952 33 conpani es that

provi de cust i eptides,. incl u I ng Ans erv es, and .
The pepti dﬁ%ﬁgﬁﬁé‘gg T@a‘efsgpeg‘e%ﬁaw&*f%w BPINFHY &S %‘Wé@ ’Eeﬁ‘ﬁ?:fgerfgef
Exanpl e 1) Thetetiiebtideywedd sepdieddy paﬁgeaogchlggpt_g inhibit the generation of

ROS was tested as described by hao and Jung, Free Radic Res, 23(3),
229-43 (1995). Briefly, Cu(ll) and ascorbic acid were m xed causing the

generation ofx AMer 0¥y Inhitath Gl Re GBnefarich B RDSt Ype reaction. The advantage of

using ascerbic acid B!Eﬁ{ et bidayal gg@@{ LosEsie NB:hhat ascorbic acid
does not interfere w c? e? aésays e assay) which is not the

case Wi th peroxi detetrapigptidsydyiog e SF‘H@M%EL észai-tﬁétk -Hip - Lg’agﬁ&EQ 2D NO:1] (the L-
d Drib t
eoxy- D- I'i bQgsglk E{»g;@%ﬁﬁ&{m& R8s WL AUTEBES et Q¥R

produces nalon upon on o url aC|d
yi el ds a pi nkclmaﬁmgmhsmcsmﬁarﬁdnesyamvem I@mhrb@ﬁmpnﬁmas prepdrédbyat
532 nm Thu m&i}g ﬁgtpg%ban %Slg%ea3gsr¥aﬁe%gaﬁrrqa ure of the damage to

2- deoxy- Dr ose. |ng o] d ascorbic acid
concentr atibons wabke abliigy dfithedi-tegtreptidenoc wikibe kiepeneeation & ROPwattaedlas debérived in a

physi of ogi CATERIRRH PAERO AP B oPHe CRE Haay-4C DOIRA A Bt BATCTE))

The ascor bi ¢7,262,649-65310 988 Brid {19 Su(Wpind Hga;w@slmnm eemdxag tHe@eRS4tial bf 15AroRy!
| i near range. .The aE:cor bic acid concentr n was ??OOM si.nce | t

gave the noStdicaiBABaRieRsYRE reastion n’r}#%mdf%v rP Ca#seaﬁﬂc & IR 49598y P-THeesrgdh

I nteresti ng'sﬁgar&&suﬂfé(lﬁrm&) @c%ndd&eripagﬁbﬁ@t |}&Bt%lgg&8&?a§1&eﬂtb§mo5ﬂ)gm pr&ﬂxeése was
a steady decr ase in radi cal s presuma ue to ascorbic acid's

dual effedt maongldghy d?Blﬁgwgmaé%vorgéﬁéma@a&mafa%weld&%)w&’éﬂwraﬂe&%wé%f?& an
ant i oxi dant t@imeldusdd s %&H@&Bioﬁx@ﬁx’c&l}%tﬁ@%hﬂQ“h@ﬁe HsObSTRRLEORA K GRAGSIERL | ONS

for Cu(ll) and ascorbic acid, a fitration curve was established for the
D-t et r apept idg@agenp 2eipexy-DtipeseD- t et r apepti de was pre-incubated with Cu(ll)

for 15 mnutes @hedsQ9Wal GIRRAAIMGNP tﬁ’&utﬁa@LﬁQﬁp&ﬁd@sﬂﬁ% s @CdufhmarkfidS Was

done to pernmt the D- "tetrapeptide to bind wt Cu(l'l) and therefore
i nhi bit ROS ig&is htAserm bewnéam Tekle éeehenﬂreénﬂrapeptldﬁa'mm"eseméﬂu(ﬂh@mpephd"

Cu(ll): Dt ti R o %050 NO
i bl 1 0r e R AT o g el deody- il yod MR hd P

hi gher, t heﬁ@spMSelr-dﬂaﬁrin -tsirenieptidedthibiteg the dsgpddaticadif S-deoxpribrbast b}dwdrom

01/ 25265 PCEJTQ@’ 26952

TABLE 1
CuCl, (mM) H,0, (mM) Tetra-peptide | OD at 532 nm | Percent
{mM) inhibition
Control 0.1 2.0 0.0 0.124
Tetrapeptide 0.1 2.0 6.12 0.677 38
Control 0.1 2.0 0.0 0.175
Tetrapeptide 0.1 2.0 0.2 0.048 73

A similar assay was also performed using a tetrapeptide having the sequence Asp AlaHisLys

composed of all D-amino acids (D-tetrapeptide). The D-tetrapeptide was obtained from one or more



34 TABLE 2 Culll):D Cu(lt) Ascorbic D Tetrapeptide % Inhibition Tetra
peptlde (8‘,|\(/]»50AC|d (pM (P M A532 1:0 10 500 0 0.767 4:1 10 500 2.5 0.751
2:1 10 508VH1352%%33  1:1 10 500 10 0.751 4:5 10 500 1XCI/($06/3$852 - 3 10 500
15 0.774 4:7 10 500 17.5 0.737 1:2 1o~3500 20 0.029 96.2 1:4 10 500 40
0.016 97.9 EXAMPLE 8: Testing of Asp a Hs Lys D-Tetrapeptide In A

Langendor { ooBERSE S AR RMh PRSI PSHECAAIBRE AighBI SRIERA 6Cl. he

essentially I'n previous s anes e ron,
88: 673- 683p{Pligodis préﬁated(bastamcﬂsbsohﬂ phetie synmls methwsaecﬁxamplzey H1415- H1420

(1995); Hears 1 1999 See
Figure 8. The S‘F“o%‘é@!&! tgear %"apa%%é O'B}éch g’F ig%'}e atl("[E)el OW. ?@gﬁséd%@(%ts rib%ﬁ!

obt ai ned f Znamaldiing, FreeaRudisiRag 0NE), RE9-43(19%5). BMﬂy, Mﬂmusstdnbm%lcid“&fdmé$
recei ved humane care in ¢ ance Pri nci pl es_of .Laborato

Ani ral  Car SRSG FiRBETEHn © o e il i e PeRioP B NEEPo ST A ATEAgE B e ang
the " Qui deaderbictabi@ infs@adofaidtotdapekidb Rl @dc&lby: acﬂabmbﬁnteﬁéremememsayhe
Nat i onal Acade of Sci ences, and publisehd g ti ona]F I nstl t ut es
of Health i #P"%@ffﬁr Jotisho nejhe ense ?ﬁh PF’@W%eEﬁ/“i*Q’ @j(yl radiepivttack the sugar 2-

(300- 4009) qay-B-28s o duéthoichs. H@ﬂing'meﬂﬁﬁﬁxahﬁitbdvﬁ ﬁﬂgro@ﬁ&s fRfok&ldehyde
intraperitoneally &@a@}v@nn“ coagul ated wi th heparin 0 TUKk

i nt r avenou%pty ppont of 3-triehaghiturig agidy viglds mlqchf@rﬂsmawmah £ay B mgapwed
exposed by sﬁkt%hot%@ﬁ@ﬂfy'aPQZQ{ﬁg gSrNalre a%&&%@éﬁ%@ﬂﬂ %asﬁ@ BeGalttnake to

catheters respectively) "‘for the return and supply of blood to the perfused
heart. An 2€saydobesereal circuit was established, prined with

Cel of usi ne(r) s?a%ﬁ@nx& %ﬁltdﬁhﬁ aﬁ&sccﬁ&@%d M?xgénﬁatlxons hSthe ﬁx’%ﬁeﬁ%%ﬁo 1%0 and

was mai nt ai ned nutes (‘mn) before connection to the i sol ate

heart. Thi guqcmtp@bl Rmtsamstemtﬁmﬂa CPMP“QWQBOWMWUS@Ibﬁﬁd@n thilgveblorinathe el y
m xed with ir on
was st abl epwl%‘%la%icgo% %ﬂuatgon&@aﬁ ggllg%lbe(d ?;(b(%gﬁta%il]%gmﬁm‘gm)g @S%clﬁﬂg:{%ﬁ

gel ati n (avecengstions|vere vagied ineordértto 89atligiD} lin@yr 65gg . Theaddonbic adid oericerratiomt er

for inj ecHl g&: V§I£ 5@9}9\4 q}ntc% it k%&&*eoljnxgt g§soﬁﬁﬂ%{ 295 ‘Eié and @l fADG &%@hnle | ons

d 62.5, usi n onor art, an a tironal--7-8 nm
of bl ood fhmsanglntat storbltacid orcentrationsigremer thetddOilothere was a steady decrease in

hydroxyl radicals presumably due to ascorbic acid's dual effect as a hydroxyl radical generator at low
concentrations and an antioxidant at high concentrations.

Using the aforementioned concentrations for Cu(Il) and ascorbic acid, a titration curve was
established for the D-tetrapeptide. Briefly, the D-tetrapeptide was pre-incubated with Cu(Il) for 15
minutes at room temperature prior to adding ascorbic acid. This was done to permit the D-
tetrapeptide to bind with the Cu(Il) and therefore inhibit ROS generation. As can be seen from the
table, when the Cu(II):D-tetrapeptide ratio was between 4:1 to 4:7, there was little to no inhibition
of hydroxyl! radical generation. When the ratio was 1:2 or higher, there was total inhibition of
hydroxyl radical production.



the central reservoir. This was to ensure that the support rat had an
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experi ment WHEH/2BI690d was not recircul ated but instead CRAIVESEVHE2Af or a 2
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arterial outflow of the support rat and ow through the extracorporeal
circuit was increased gradually over gqr:rb to a value of 2.5 mM/mn. This
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t hernostatically-controlled heating pad and was nonitored by a rectal
thernoneter. Blood pressure was m)nitored by means of a pressure
transducer t I| n ressure transducers were
connect ed t%m 1e Aﬁ &Rp %H“F‘g), whi ch was run

conti nuously througH-fHeles BrYEE gas (P021 pC2, pH),
hematocrit, gl ucKissi-gmflsel I@Eﬁsﬁ@! yé@pdr&iv@é&u&lmg- in p;&ﬂousmws (@zilmtaﬂi@ ebalpport
rat were rmnltored bef ore the donor heart was attached t
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of the experiRi: o, JIWR). BT BRI $1. iﬁsxgwgngé)?ogee(ﬁg&%am E%Eed%%es%;ethe
same strain) were transfused as require marntain t vol une and
stabi |l ity ofeserébepbagfrbgiavon. Addi t| onal heparin and pentobarbitone were
adm ni stered int u i.s0l a eart

each rat (270-3 déwﬁgﬁaé% %ﬁfogg%agﬁvmm?% quHmIV rs?% V‘%I sgoefé' t.icoaga?ﬁ at ed
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with water until a left ventricular end diastolic pressure
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measured vi a si dear m of e aortic cannu
Ltd., Aylesbury, UK) and was maintained for 15 minutes (min) before connection to the isolated

heart. This period was to ensure that the priming solution was adequately mixed with the blood of
the support rat and that the entire preparation was stable. Each 500 ml of Gelofusine® contains
20.00 g succinated gelatin (average molecular weight 30,000), 3.65 g. sodium chloride, water for
injection to 500 ml (electrolytes mmol/500 ml: cations Na 77, anions Cl 62.5, pH 7.4). Prior to
perfusing the donor heart, an additional 7-8 ml of blood from a rat of the same strain was added to

the central reservoir. This was to ensure that the support rat had an adequate supply of blood during
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chem stry val ues were outside the normal | range. Results are expressed as
mean SEWF’Faﬁﬂ“!“‘$?§%wg}'$39€£lnﬂb'§swaéiiﬂ”§§ ed as a percent of the

pre- i nt er venttgigolRaR&kts Rechal(2m)- hY 86kt zdl withAi i ethdrendidGiedagalateliNe

exper i rrent& for each WO 01/25265 PCT/ US00/ 26952 , , _
with heparin (1000 [U/kg intravenously). The heart was then immediately excised and immersed in

cold (4°C) Gelofusine®. The aorta was rapidly cannulated and perfused in the Langendorff mode,
(Langendorft, Pflugers Archives fur die Gestamte Physiologie des Menschen and der Tiere, 61:291-
332 (1895)) with arterial blood from the support animal, at a constant flow rate of 2.5 ml/min. After
removal of the left atrial appendage, a fluid-filled balloon catheter (for the measurements of left
ventricular systolic and diastolic pressures, and, by difference, left ventricular developed pressure),
attached to a pressure transducer, was introduced into the left ventricle via the mitral valve. The
balloon was inflated with water until a left ventricular end diastolic pressure (LVEDP) of between
4-8 mmHg was obtained. Heart rate was calculated from the pressure trace and expressed as beats

per minute (bpm). Perfusion pressure was measured via a sidearm of the aortic cannula. All
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the conparison oftwo neans between groups. A difference was consi dered
statistical wosigresfi cant when p < 0.05. For reasons of qoaalusemzezontrol and
to allow application of predefined exclusion criteria, the stability and
reproduci bility of the system were noni #6red by neasuring the bl ood

chem stry (pH, pQ®2, pCO, haematocrit, Na, K and Ca' ", glucose) and
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contracture in each of the study groups is showh in Figure 10. As can be

seen from Tabl &hedrughuhase igentdly was unkndvarte theaeseirpheatipriomming e pngimenty, was
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pr ot ect i onBowanguResedkdh, 1Ko visssdlhel ip sdine biesscohomtratien ofd 417 mgwdy dr wasghfubedDP
(expressed_as. rcent ,.of. baseld ne pre-intervention val.ugs), i h,study
r oups. 1 ¢ 2R R ER qifion TRl Pl e i oy e B B e
slowy anduﬁélbﬁfdoytro&L&Q’Bshtsbﬁz?io@r/]offshﬁxeQﬁ@th@ﬁru@h&rﬂ&edrﬂfﬁ!yr eloerf usi on peri od,
LVDP was only 15.3 . 2% of the pre-intervention control. B ontrast,
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for the first 2 min of the reperfusion period, during which time the blood was not collected, but
recirculated.

Predefined exclusion criteria stated that: (i) support animals would be excluded from the
study if they did not attain a stable systolic blood pressure > 80 mm Hg before cannulation of the
donor heart, (ii) donor hearts would be excluded from the study if, at the 20 min baseline pre-
intervention reading, LVDP < 100 mm Hg or (iii) blood chemistry values were outside the normal
range.

Results are expressed as mean + SEM.. All recovery values are expressed as a percent of

the pre-intervention baseline value (measured 20 min after the onset of the experiment) for each
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drug treated.

As expected, myocardial ischemia caused cessation of myocardial contraction, with cardiac
arrest initially in the diastolic state. However, as ischemic injury developed with time an increase in
diastolic state occurred as the heart went into ischemic contracture. The temporal profiles for the
development of ischemic contracture in each of the study groups is shown in Figure 10. Ascan be
seen from Table 6, there were no differences in any of the measured indices, although there is some
evidence of a trend to delay time-to-50% contracture in the drug treated group, which is suggestive
with protection.

Figure 11 shows the profiles for the mean recovery of LVDP (expressed as a percent of
baseline pre-intervention values) in both study groups. It is evident that hearts in the saline control
group recovered slowly and poorly, such that by the end of the 40 min reperfusion period, LVDP
was only 15.3 £ 3.2% of the pre-intervention control. By contrast, hearts in the drug group
recovered more rapidly and to a greater extent (50.5 £ 9.3%).

Figure 12 shows the absolute values for the left ventricular end diastolic pressure in both
study groups during the 40 min period of reperfusion. In both groups, the high levels of LVEDP
resulting from the contracture which developed during ischaemia fell with time towards the pre-
intervention control value. However, the drug group normalized their LVEDP more quickly and

more completely than that seen in the saline control group, the difference being significant at every



TABLE 4 Baseline systolic pressure and heart rate in the support

bl ood- perfused rat Control values (t=15 m n aerobic perfusion) Subsequent
Treat ment SYy&@V®25Pressure (mMmtig) Heart Rate (bpm G owpT&&buaaes2Cont r ol
96.42.6 296.69.8 Drug* 98.13.8 297.68.7, Al values are expressed as nean
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The results of this pilot study indicate that, in the isclated blood-perfused rat heart, Asp Ala

His Lys appears to have significant and substantial protective properties as assessed by an

approximately three and a half (3.5) fold (15.3 + 3.2 % to 50.5 + 9.3%) enhancement of post-

ischemic functional recovery. The magnitude of protection is equal to some of the most powerful

interventions studied.

TABLE 3
Compesition of the blood perfusing the isolated donor hearts
Value prior to attaching donor heart End of experiment

Index Saline Control Drug* Saline Control Drug*
pH 7.29x0.01 7.26+0.01 7.33£0.02 7.31:0.02
pCO, {mmHg) 60.0+3.2 B7.7£22 57.624.9 65.6+4.7
pQ, {(mmHg) 230.6+14.8 281.7£23.2 241.0£37.2 252.3+33.8
Haematocrit (%) 27.5+0.9 27.3+1.8 26.8:1.7 27.0x1.5
Na” {(mmol/L) 146.7£0.3 146.210.8 145.710.2 146.2+0.5
K" {(mmol/L) 3.310.1 3.2:04 42402 4.2+0.1
Ca® {mmol/L.) : 1.240.1 1.2x0.1 1.4+0.1 1.440.1
Glucose (mmol/L) 8.810.6 10.220.3 10.2+0.5 10.2:0.7
% oxygen saturation 89.6+0.1 §9.8+0.1 898.7+1.2 89.7+0.1

There were 4-6 support animals per group. All values are expressed as mean + SEM.
* Brug was D-Asp D-Ala D-His D-Lys.



wth 1.0%- 2.0% hal othane in 70% N,/ 30% 02 using a face mask. Rectal
tenperature was naintained at 37C during surgery using a

f eedback- éQglVAE%d water heating system (YSI 73A rect al PCHFYBRSSEi sher,
connected to a K-20/64N aquatic bl ankgy, Hamilton Industries, G nci nnatr ,
OH). Previous studies have shown that rectal and brain tenperatures are
identical during and after ischem gagpglhis model (Chen et al., J.

Cereb.l ood Flow Metab., 12(4):621-628 ?1992)) The right fenoral artery
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one mnute. The identity of the drqu‘BﬁE§ unknovvn to the researchers

perform ng the rs as a

Concent rated st S8 e n ME AR LA BRRERE °0 % anc
was stored it at drug vvas determ ned to be biologically actrve
prior to use by det er m n| ng TS abl [ T Eyntrbivalu @20 min 2oblcpdif@@h) T or mat i on

in vitro as deggkédugst TrdaterP! €7 VOB IEnidICK S Medk R VVaPerfusiomPrassurdlS t
prior to use, @amdpa sufficient quantity was adm nipphered to ghmrga dose of

20 ng/ kg. Al "&JiRe €6HoOT L NE I NLT averoddso.8dm ni SpgedirON Of { bes«ksug or

vehicle, the ny,lu% suture was inmedi@gyeles advangesioh® occl uggsdzye MCA
Fol | ow ng the '

repeat i RivVaR¥SHNO prdsBédissintan @SERI mgerQWeruebu@bﬂammerspa@&mm nute. At the end
of the strogdas B-Asp-ARM-His Pdysiyl on suture was i nmmedi ately pull ed back from
occluding the MCAto allow for reperfusion. Also, after the second

i nfusion, the animals were re-anesthetized, and the cannul ae were WO
01125265 PCT/ USOQ 26952 41 renoved.yaEpggani mals were returned to their
home cages, where t j3gnemiddoftraturediifich 3corn$|€o@l‘cﬁ9|$&r5ﬂbw ifchghiaind water. Aninals
wer e wei ghed _before ischem a and before sacrifice. A neurological

exam nation, as described in Zea Longa inuakwre Stroke, 20:84-91 (1989),

was admi ni stered at 1 hew—&ﬁd—&t—vﬂ—hetﬁs—ﬁ{-eﬁrﬁepeﬁ-uﬁ-m——&orr ng was

as follows: 0GB nal ; Initigtionur e  Tnedxf@hd con??aéil at er dim tP'é1!*33<) f or epaw
fully (am|d._focal neuroloo‘f"&1 defici {9 2 cjr#T vrnrhe( "t (a noderate
focal nuerol ogiise d6ftioti t ) ;9.2%1.6 15.1:0.5 93.743.0 19.8:0.6

Drug* 11.841.7 16.520.9 89.5+3.0 21.741.2

All values are expressed as the mean + SEM. There were 6 hearts per group.
* Drug was D-Asp D-Ala D-His D-Lys.



failing to the left (a several focal neurologic deficit); and 4, no

spont aneous gait and depressed | evel of consciousness. Twenty-four hours
after MCA o¥W&WB326N, ani mal s were anesthetized with ket B@i7E024®2 ngy/ kg)
and xyl azi ne (13 rrg/ kg), both given |ntrarruscul arly, and perfused
transcardially with heparinized saline, 4ol | owed by 10% buffered formal

I n. The brai and cut into 2-mm cor o | slices using a rat
brain matm%ﬁggt SHE LS 5 eln A Begin 7 ode] total of 7 slices).
The slices were wb@mxsaﬁbﬁddﬁgttsl %r@ﬂxﬁ&:fsﬁ Inmur@mdleﬁmm 88 ¢1 700909 g\\Efile€Rifve I OM
the anterior surface of each slice and stained with hematoe;l In and eosin

(H and E). |fPampiories)at drswibfdrreviaish (roirumi el ey Ja5mebmBur& 286 ehongtdd /i mage
anal ysi s syst£pp, é&ﬂ!%@'Me‘fﬁP lb% SRS &) Q%ﬁxﬂax \5@'951'1@\;&1%3 aéX?srsk@faB@and M),
using the "indirect"” neth on et &l.., J. Cerebral Bl ood

Met abol . , 10: g belos Sur@mgﬁ)ey were h@esm:@ad with . ﬁ%ét@!pthﬂ@gmdﬁseswsm Pes mm&h«a}t eral
(right) hem K the r al her e
wer e determv?led P‘% a’gg’éﬁn sﬁm&) in ftbkf’ehptg)?ﬁ\t:pﬁ u%ggtas%%%fggct%é r%?%gtgﬁma atter
to cal cul at emaimﬁmaim 3’H€émqgemrg<31/ umaf&adbak@éguhteémteﬂeamgtsmm SivhRdrectaid
multiplied b ce thickness,t ed1 ct V0. bra H5mB)
The results a?bé‘3 E‘P‘éeé ﬁf“éeateﬁﬁfo al%[%%/éé'k'faqiﬁ % H%’?{%%E@ﬂ% é’ﬁflﬁna ré

expressed asPredan studieShkveMhovad ntat muanddmxa me;ﬁe&mamiry 2dedltiday durépemt @fer

nmeasur es ANOVA and pai d t Wo- e oni
correction \R)FF@?’Bmé’b% Hfﬂ%dlé&f Fﬁb Iﬁ%ﬂ%‘” y@ﬁ‘fg %;téégm(fé?@?oﬁ’ﬁé‘ﬁ zed
by the Mann- fﬁﬁérﬁlﬁﬁb&ylﬂa&c@:&ﬁdateﬂ\@ltﬁﬂr{e&% 6 dE i dohd 1TKI8Y (2’5&5&1] PlotiudtdBicE Décatur,

| nfarct Vol u Treated' Control Aninal |nfarct tb})(320(1 ume, (mMmmB) Ani nal

| nfarct Vol L#‘t% E’W%“)S”Iﬂerﬁf%‘mﬂﬂasﬂa@ blaad pyegsuse, ang e’fé“’mh‘.'se“ﬂ'ﬁassca%’aﬁ for u7
10. 9 #8 22. ZnfullbdN Cadhuthe VB3 Bradfl tougPa Subbhtankous t@nﬁa%eﬂte@ﬂuougﬂ-ﬂl@@&rﬁﬂjnéékt h
D-Asp DAla DH s D Lys TABLE 8 Neurological Scale . Treated' Control

Ani mal Day d\lﬁéiﬁl QOOA@%WEWWQ alj gnimals before and after ischemia.

For ischemia surgery, the right common carotid artery was exposed at its bifurcation. A 4-0

nylon suture, with its tip rounded by heating over a flame, was then advanced 18.5-19.5 mm
{depending on the animal’s weight) from the external into the internal carotid artery and then through
the intracranial carotid artery until the tip occluded the origin of the middle cerebral artery (MCA).
Animals were then allowed to awaken from anesthesia. At2 hours after MCA occlusion, they were
re-anaesthetized, and intra-arterial sutures were withdrawn into the external carotid artery.
Beginning one minute prior to occlusion, animals received an intravenous infusion of vehicle
alone (control) or drug (D-Asp D-Ala D-His D-Lys) in vehicle over one minute. The identity of the
drug was unknown to the researchers performing the experiments. It was supplied to the
researchers as a concentrated stock (16.67 mg/ml) in phosphate buffered saline, pH 7.4, and was
stored it at -80°C. The drug was determined to be biologically active prior to use by determining
its ability to reduce free radical formation in vitro as described in Example 7. The stock solution was
thawed just prior to use, and a sufficient quantity was administered to give a dose of 20 mg/kg. At
the end of the intravenous administration of the drug or vehicle, the nylon suture was immediately
advanced to occlude the MCA. Following the 2 hours of occlusion of the MCA, the animals
received arepeat intravenous infusion of drug or vehicle over one minute. At the end of the second
infusion, the nylon suture was immediately pulled back from occluding the MCA to allow for

reperfusion. Also, after the second infusion, the animals were re-anesthetized, and the cannulae were



#1 2 1 #2 2 2 #3 2 1 #4 2 2 #5 2 2 #6 2 2 #7 2 1 #8 2 2 * Treated with
D-Asp 0- Al | s D-Lys Day of ischem a surgery One_da after I schem a
surgery C&S%(?i’}ffj‘;%isze5 PCT/ US00/ 26952 43 TABLE 9 Body Ws’ 2695 eat ed*
Control Animal Day Oa Day 1 Aninal DaysiOa Day 1 #1 300 272 #2 300 251 #3
300 266 #4 300 256 #5 295 256 #6 278 230 #7 295 255 #8 300 250 * Treated

with D Asp r&w%@, The hithals-we)SreRrned )b tRdir HohfeREIEs, avtiR e tBS Werd AMBwelPfYectbdesd to
i schem a s er% TABLE 10 Bl ood Gases And Bl ood Pressure 10 m nutes before

MCA occl usi “ifhut es after MCA occl usion Animal pH pCO2 p02 BP  Ani mal

pH pC02 p02 BP' Anithkls erb3éighSd b'if&étlzehlm%nd#ﬂef&e s‘la@r?fcéoA Reuilﬁ&icm ek&Rinatfon, aé - 430
38.3 110.5 89 #3 7.423 40.1 130.1 98 #5 7,518 38.5 147.0 98 #5 7.471 36.5

105. 3 92 ﬂ?scvbm'sz@éroag@rawﬂdf@#zﬂ 8A-UALO8IN was amn@teﬁéat 1#@‘"74“4@12439% 120. 1

90 #2 7. 42%ﬁé}9ef1rﬁgs§9i gcollgéwa%foﬁo@rél% rﬁﬁmé ll?ahuﬂst&e’iteﬁécozmﬁgt%ra fog't%gw?’ 101
#6 7.425 35 10.0 88 #6 7.453 3 5.3°9 417 39.5 12 90 #8

7. 428 36. 9 Mlly{amjldfgcal m@eﬁ@ﬂ 2 ﬁ’rli‘Fll?iqu tbwettxa rrméra@éﬁ@i wercrmu@eﬁﬂw The
ability of f&lhr% th ik feﬁ@?&wrg%éaf ﬁﬁ]dgm’%ﬁmts' ahh& n!rsﬂo}{énéotclgéglta F\;%egsel le@eﬁd

ot her peptides and compounds to Inhibit the production o was tested.
The ot her Géiﬁﬂlsmmﬁasted were: L-Asp

Twenty-four hours after MCA occlusion, animals were anesthetized with ketamine (44
mg/kg) and xylazine (13 mg/kg), both given intramuscularly, and perfused transcardially with
heparinized.saline, followed by 10% buffered formalin. The brains were removed and cutinto 2-mm
coronal slices using a rat brain matrix (Activational System, Inc., Warren, MI; a total of 7 slices).
The slices were then embedded in paraffin, and 6-mm sections were cut from the anterior surface of
each slice and stained with hematoxylin and eosin (H and E). Infarct volume was determined using
a computer-interfaced image analysis system (Global Lab Image system, Data Translation, Marlboro,
MA), using the “indirect” method (Swanson et al.., J. Cerebral Blood Flow Metabol., 10:290-293
(1990)): the area of intact regions of the ipsilateral (right) hemisphere and area of the intact
contralateral (left) hemisphere were determined for each slice, the former was substracted from the
latter to calculate infract area per slice. Infarct areas were then summed and multiplied by slice
thickness to yield infarct volume per brain (in mm?®).

The results are presented in Tables 7-10 below. Some of the data are expressed as mean +
S.E.M. Continuous data were analyzed by repeated measures ANOV A and paired or unpaired two-
tailed t-tests with Bonferroni correction where appropriate. Non-continuous behavior date were

analyzed by the Mann-Shitney U-test.
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EXAMPLE 10: Inhibition Of The Generation Of ROS

The ability of the tetrapeptide L-Asp L-Ala L-His L-Lys [SEQ ID NO:1] and other peptides
and compounds to inhibit the production of ROS was tested. The other peptides tested were: L-Asp
L-Ala L-His L-Lys L-Ser L-Glu L-Val L-Ala L-His L-Arg L-Phe L-Lys [SEQ ID NO:3]; L-AlaL-
His L-Lys L-Ser L-Glu L-Val L-Ala L-His L-Arg L-Phe L-Lys [SEQ ID NO:4]; L-His L-Lys L-Ser
L-GluL-ValL-AlaL-His L-Arg L-Phe L-Lys [SEQ ID NO:5]; and Acetylated-L-AspL-AlaL-His



tetrapeptide was ineffective atpreventing the formation of TBA-reactive
species, possibly due tot reduced ability of the histidine to bind
copper. TheW®i%R2¥§en atom on the imidazole ring of histPEHiUNRGI2 25265
PCTI USOQO 26952 46 participates in binding copper with a pKa of 6.0.
Therefore, at a pH of 6.0, histidine is ggly able to bind 50% of the

copper. The,o r %.0f r ul e. unb r~l.0osely bound to
the tet rapeLpt‘{gg‘eS%?f @ﬁlebgtfh ﬁ‘é%?a?l[?nﬁffc}‘vgﬁﬁ Ig’g E%h%y?/\@%})%ﬂg?e%r%?m%éWﬁﬁl eto
parti C: pat e db?iﬁeﬂlﬁoprmﬁmﬁbfe&ﬂmp&ies if%rd f?*&&&hiw’rﬁsﬁuﬁﬁﬁk ﬁ‘@eptldiﬁinbldﬂiﬁ@Aﬂdd Yéith
several peptjdes w istidine in_different positions re tested at 1: 1
and 2:1 pe “f"b‘é?’gggg%‘fm?yéﬁl}%@é’w Respaarhh ﬁb?‘f‘gf‘gfﬂli%‘” Shgste P"’Freﬁlﬁg in Gt i on
of hydroxyl Chegticals), cAlSe (SigmPERInieE CofaNi BPpeRdRidagiehibaledmashaniiToaci d

(Ac-Asp) as the N-termnal amno acid was also tested. The results are
presented in Table 11. In Table 11, the %inhibition is the percent

decrease in absoq_banqgﬁbig&{@pﬁﬂozéipRgﬁgaf%?&hg{pe di vided by the absorbance
of the buffer alone. can be seen fromthe results in Table 11, the

pepti des with hi Seahydaey!radicelisprabaldpthemasteactiviapxygerpdasived spevies.gihp byds@gbbee

i nhi bition giy@; i%%lérygﬁ‘é?éétig%&@peﬁrané Atl0, While these peptides at a 1:1
peptide: copper ratio were ineffective. Interestingly, at a 2:1

pepti de: copper r semegeserrhkerysugaestdat the tokicitnfdydrdgengeroxide 4nd siperoside pdwalimiagn  and
t he peptide S i Ld t N- L Nal 0o .. aci d
provi ded sor?\gI d%?%’? g‘?{ %ﬁégér%g%gou@gh%/o& ggﬁe%%glﬁ?' 338/5 ‘fp%%l&q%‘tr 2}%60 ﬁ?‘% be dlm%y
respect i vel ywpnvegdd th thedidrokyil sdicpirvia tbetaben Weisg fective. Attérnatively Abdae bt aonvdred

hi stidi ne i even ngd .ni.nth positions, ,espectj.vel. f these
bent i dea. HRMURSEHERA ARG, HhB BRREA PRne bERREF A e P e Gre
prot ecti on Eabouthwd@feqiinbitlanditioam)etal Cathads agpehaswhetemdBaliow) The/pribocd Tf

hydr oxyl radical. for 10 tteridge and WI kins, Biochim Biophys.
Acta, 759: S%ﬁ}’fig%%?fsﬁkﬁ%eﬁg?ﬁet al., Celt. Molec.

Neur obi ot . , 18( 6) It B@Be ki thak 8SPr, inVedPierenc of AborbatdProducks BydosifyEradicals. The

137: 119- 124@}983 .__Cat a%as%g- 80 nM was, therefore, tested in this
assay, and it AWa® FSHMCPE? EREUEERLY or mati on of t he pink chronpgen (data
not shown). Thi sAécomneie FRQCRHGIRSL § delyaioaityBre M- per ogidey is formed in this
assay, since catal as% . breaks down hydrogen peroxide to water and agrees
with Equations 3 and ¥ afevé: €&tal ase also prevents t héEfdPnation of the
pi nk chronmogen when tGae+b;AspHl: &lR+r,bi s L-Lys [ SEQEDNG 1]
tetrapeptide at a tetrapeptide/copper ratio of 1:1 is present (data not
shown). As shown abo®¥, *dO: rME+Ok +&u"t he copper i €& 11 able to

partici pat e Ridgic i@ all, SHRIIRABIL. WRT, 3R7PIOSUER (ks oxyl radicals. These
experinments show_ t hat hydrogen peroxide is an inportant precursor to the

formati on of thelheRYEVEXiE corappundsiiistedgbope e iditihamemyrasico of RE®B Y radicrlsHABLE 11
tested as described in Gutteridge and Wilkins, Biochim. Biophys. Acta, 759:38-41 (1983). Briefly,

Cu(Il) and ascorbic acid were mixed causing the generation of hydroxyl radicals. Then, deoxyribose
was added, and the hydroxyl radicals, if present, attacked the deoxyribose to produce fragments.
Heating the fragments at low pH produced malonaldehyde that, upon the addition of 2-thiobarbituric
acid (TBA), vielded a pink chromégen which was measured spectrophotometrically at 532 nm.
Thus, absorbance at 532 nm is a measure of the damage to deoxyribose and, therefore, of hydroxyl
radical formation.

To perform the assay, CuCl, in buffer (20 mM KH,PO, buffer, pH 7.4) and either one of the
test compounds in buffer or buffer alone were added to test tubes (final concentration of CuCl, was
10uM). The test tubes were incubated for 15 minutes at room temperature. Then, 0.5 mM ascorbic

acid in buffer and 1.9 mM 2-deoxy-D-ribose in buffer were added to each test tube, and the test



Compound (Ratio)' Absorbance Absorbance % Inhibition at 532 nmat 532 nm
Copper on ytfer control) 0.767* 0.954 0 Histindipelco (2:1) 0.760
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Ser Au Val Ala H's 0.843 11.6 Arg Phe Lys /copper (1:1) Ala His Lys Ser

A u Val Al aubdssvett ifktiBatébfod1 hodk & 3PITe FlnidBy, e a1 pe1% (W/vI)BAGBOAIM NaDH ahy 51 Ser
d u Val AIa O 645 13.2 H| Ar Phe s/co
gt enfd

p Al a Hi S. Ser
Gu val A LfoTsARaE ageticppidw ‘&}‘8 E&tgit?t@esx@%%lbﬁrimm Lys
Ser GQu Val whlerGSrd 5 Hinfles. Alfiar thil t8st Avbes Hal €oolldAFOCIGRRRItes( the dbsorbdiee AFP2 Ady Hi S
Lys Ser Qu Val 0.692 27.5 Ala H's Arg Phe Lys/copper (2:1) Asp Ala Hi s

Lys' /copper’efdl 1) 0.751* 1.3 Asp Ala His Lys'/copper (2:1) 0.029* 96.2
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The results of a time course are presented in Figure 15A. As can be seen in Figure 15
copper and ascorbate (no added peptide) produced TBA-reactive substances quickly and reach
a maximum in 30 minutes. The tetrapeptide at a tetrapeptide/copper ratio of 2:1 prevented
formation of TBA-reactive substances. Interestingly, the tetrapeptide at a tetrapeptide/copper rai
of 1:1 slowed the production of TBA-reactive substances. These data suggest that the tetrapepti
ata 1:1 tetrapeptide/copper ratio is able to offer some protection from hydroxyl radicals by bindi
copper which results in site-directed hydroxyl attack on the tetrapeptide. Once enough of t
tetrapeptide is destroyed, then copper is released, which allows it to produce hydroxyl radicals tt
attack the dexoyribose.

When the tetrapeptide at a tetrapeptide/copper ratio of 2:1 was incubated for longer perio
of time, its ability to prevent the formation of TB A-reactive substances slowly eroded. See Figt
15B. Ascan be seen from Figure 15B, the production of TBA-reactive substances was inhibited
95% during the first 4 hours of incubation. By 24 hours, the level of inhibition had dropped to 5C
and, by 48 hours, the level of inhibition had dropped to 20%. These data suggest that TBA-reacti
substances are still being produced even in the presence of the tetrapeptide. They also suggest tt
the tetrapeptide is being degraded during the time course of the experiment. This degradation
more than likely due to the formation of free radicals in close proximity to the tetrapeptide/copyr
complex which attack and degrade the tetrapeptide, with release of the copper. Since free radica
such as the hydroxyl radical, are very reactive, they will attack the first electron rich molecule th
come into contact with, which would be the tetrapeptide in this case.

The effect of pH on the inhibition of hydroxyl radical formation by the tetrapeptide w
tested at a tetrapeptide/copper ratio of 2:1. At this ratio, the tetrapeptide gave >95% inhibition
the formation of TBA-reactive species at pH 7.0-8.5. These are physiological pH levels and ¢
levels that would be expected during ischemia (acidosis occurs in ischemic tissues). AtpH 6.0, t
tetrapeptide was ineffective at preventing the formation of TBA-reactive species, possibly duetot

reduced ability of the histidine to bind copper. The nitrogen atom on the imidazole ring of histidi



responsi bl e for the breakdown in the body of superoxide to hydrogen
peroxide (simlar to Equation 3). Hydrogen peroxi de can then be detoxified
by cat al aseW0SUB2¢jas assayed for activity in the assay dWBE¥si/Isesd in t he
previ ous section and was found to have ggne (data not shown). This result
is not surprising since SOD actually converts superoxide radical into

hydr ogen per oxi de dr oge ero en_be co into the
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Sor enson, Blg{:ﬂmemﬁb b¢s. Res. Commun., 150(1):252-258 (1988);

Konst anti nova et al ree Rad. Res. Conmms., 12- 13:215-220 (1991‘)3
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activity of copper conplexes o e tetrapeptide L-As ys
[ SEQ | D NO having apagestvdasesbappattiic R eroisrdes thadi- tcramsalmrr@ apndo@aehg@testsci nthet he
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44: 276-287 (1 ase converts xant nto uric acl

oxygen acti n@nmsreéw@ffwimrdnaibdéptmrabsoﬂﬂangoé&u@eﬁcrau:perOX| de radical to be
produced. Supero i C s abl e [ C tetrazoli

(NBT). Reduced éf%ﬁn 6Egen fgqm he requl,[ts xgg‘obicre gﬂltlh pteguc{e Hg\l}\}ﬁ“%‘% Pthe 86(:85 ),
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cont ai ned e ened %‘gr%lo né%eé’?erﬂ% t@’f" i {5‘!355 Eﬁ%A pepggl%ﬁg% %8’&%2‘%“&%&@5 or.
The EDTA-c opipardzre(nnmd: Bost Rision hﬁsheepipﬁdzrwxﬁ@&rﬁmd aspiriic adiths\ieN-&hokal atnthohave

no SOD activit t.a not sho for,.S ctivity,
0.1 nM xant h?cﬁ“é’ré o e i n et gb@B“BQ’ ?%%%Wqﬁﬁnﬁsl’éﬁ%" OE&E" Sy 50
mll sodium p}aﬁa&lmﬂ&ﬁ@st bmﬂbﬂtaﬁe tolthd lﬂﬂﬁﬁe(rﬁh@ﬁﬁe@ﬁﬂn&ﬂi pdsidios, respwth%lymbﬁ(Ed
in a cuvette ent ratjons, final H 10??2%88The reaction

n
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conpl ex (t etihmpipi)l de/copper ratios of 1:1 and 2:1) and 20 m | xanthine

oxi dase (Sigma Che cal The tetrapepti de-copper. conpl ex was_ par ed
by mixing the teff “é’i‘ﬂi"’b‘B]ﬁﬁ&?“‘(‘&g“’@h@@?l ormation- | Gieridpeepd rﬂ‘%@f’aure
to incubate fipguim. Jéoﬂﬁyﬁﬂftﬁszsﬁt?:sﬂp?l@s em%@rﬁﬁétﬁjét%l I@aneﬂmre wexml@@f Ofs@s)%dw tion

to the cuvette. The sanples were rea tinme every 60 seconds for

five m nut esS83t(1%8Y SemuniTial. ac@ﬁpVe&O@?mt Hé7 Ué’t“rzérié?ﬁﬁ) deCaglash (@-8ppd wes, a
ratio of 1. 1y, 0eEreSBaud, hR a&@;}’ﬁgdﬁ% £l {o\f)'retv nt %o ﬁ%ﬁx@ﬂ%&rﬁrﬁ%gg%bon

of NBT reduction (see Figure 16 wever, e corrp ex was
PCTI USOQ 269%psho#g). éﬁbmﬁndm@ugaem@aﬂ leféts’g@ﬂ?mmev&efomn Sdesiayssick cathazed on

1000, ) o> RPNy ke Wi AL i) BBl o
prevents the fonnatxon of the pink chromogen when the L-Asp L-Ala L-His L-Lys [SEQ ID NO:1]
tetrapeptide at a tetrapeptide/copper ratio of 1:1 is presenf (data not shown). As shown above, at
this ratio, the copper is still able to participate in the redox reactions to produce hydroxyl radicals,
These experiments show that hydrogen peroxide is an important precursor to the formation of the

hydroxyl radical.
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Therefore, the brain is a particularly vul nerable organ during periods of
I schem a, since copper is released due to the acidosis that acconpanies
i schemi a. CWHHEBEBEti on of DNA DNA strand breaks were nmeRESSeHs8%cording to
t he met hod of Asaum et al., Biochem A Biol. Int., 39(1):77-86 (1996).
Briefly, 17 Isg/m of plasm d pBR322 pNAtas al | oved to pre- incubate for

15 mnutes at rqpmt erature w.th.50 PMS 1;|A2 .and concentrations of the
tetrapeptide of %‘E—M SEHPALVD s added to each

r e?ct | onf aﬂd t hﬂmerrenzymﬂ @pem{iieldiﬁmbﬁée(d()b@ﬁ? 3 ﬂiﬁiﬂzglyaiccﬁﬂ% erdymet WhieH is

vol ume of the m. re was. 16 uL o adl n uf f er. contai ni ng
0 255% (v v) PRGBS B e B PR DY Io8 TP BAOHOT v v)
sucrose in yABH: WP@&%Qmmeﬁbesm,mmg@a@epar ated by el ectrophoresis
in a 0.8%agarose gel for 90 mnutes at 70 Volts. The gel was stained in

| X TBE (Tri s- Bor¥ileWersrsmyes forf astyity in Sietaasan desgrited ingtherprewiops sgetiomand wad faendf or

30 m nutes.
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ef fecti ve atadisaléntehydroggn pdiexideo Hydoganrpenixide DidAhetbe amtyettadentk the hﬁkex;&'ragwale 18.
Opt i mal pro‘g)gre&dc\ég tetrapeptlde copper ratios were 2:1 and greater, since

super hel i cal” Citcu DP“DNA was still visible on the gel at these ratios. At
a tetrapepti de:Therpes rep@tsiiothe tiferahud tif cdpp&TomplegdsdvecS O udtavity DAthar dtiahear

51 Vi CLARIPEM e i SR LA g S Gl gent Ao, e PO Ben
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aneffective_anmount of pepti de havi n%@gg@ or mul a: wherein: P,

(o: Xaa,  XaBiophpsdtes Gommual 5042 52-2pR( nsmmosa@(tﬁéafnee,@aﬁ Reg & ompms., 12-

gl yci ne, al ne L e tic
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hi sti di ne, swgisimgiace Sﬁﬁutsdﬁﬁhaepowmemmaivamnme tyrosine, tryptophan,

cysteine, nethiogi dr 0x hyl Li |
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mto uric acid, with oxygen acting as an electron acceptor. This causes superoxide radical to be

produced. Superoxide radical is able to reduce nitro blue tetrazolium (NBT). Reduced NBT has
a Amax of 560 nm. It is known that copper inhibits xanthine oxidase activity (Konstantinovaet al.,
Free Rad. Res. Comms., 12-13:215-220 (1991)), so all experiments containing copper also contained
ethylenediaminetetracetic acid (EDTA), 2 known copper chelator. The EDTA-copper cornplex was
tested for SOD activity and was shown to bave no SOD activity (data not shown).

To perform the assay for SOD activity, 0.1 mM xanthine (Sigma Chemical Co.), 25 uM
NBT (Sigma Chemical Co.), 50 mM sodium carbonate, and 1.2 uM EDTA (Sigma Chemical Co.),
were mixed in a cuvette (all final concentrations, final pH 10.2). The reaction was started by the
addition of various amounts of atetrapeptide-copper complex (tetrapeptide/copper ratios of 1:1 and
2:1) and 20 nM xanthine oxidase (Sigma Chemical Co.). The tetrapeptide-copper complex was
prepared by mixing the tetrapeptide and copper (as CuCl,) and allowing the mixture to incubate for
15 minutes at room temperature immediately before addition to the cuvette. The samples were read
at time 0 and every 60 seconds for five minutes at 560 nm.

The complex of the tetrapeptide with copper at a ratio of 1:1 was shown to have SOD

activity, as evidenced by inhibition of NBT reduction (see Figure 16). However, the complex was



Xaa3 is glycine alanine, valine, lysine, arginine, ornithine, aspartic

acid, dl ug% asparagi ne, glutamne or trypt oq,lgﬁﬂ% oé%asg IS any
' [ [ ept aBfEeS3)

am no aci n is 0- 100; or a physiologically-acc t thereof.
2. The net hod of Claiml wherein Xaa, #% aspartic acid, glutam c acid,
argi nine, or a- hydroxynethylserine. 3. The method of Claim1l wherein Xaa,
is glyci neboualsﬂmhﬂﬂes lessadffetttve th@lSODésell, Sabgiug 1T, valids r(ﬂﬂdlinﬂ&lat giedsl 0%

aspar agi ne i oni ne, stidine _qr a-hydrox | seri e .ret hod
P o i iy o farapiticos B e U ot o83 G2 s e i s
aspartic asietho SODMcHGGC(JRAE héhshak@l Ni ne, or a- hydroxymnet hyl serl ne Xaa, is
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aspar agi ne, methYesity et thei: L efrapeptidessopper ﬁ?‘HPIS&QI'PrEPHQ‘F%f%rF with xa:gﬁqae Redese i s

lysine. 6qcilhg, FRtBRG R uchidrPi il medded 8 1H5XAR, Athar aSPaBlbkerA WA M6 B Ut am c
acid and Xaa2 is al anine, glycine, valine, t hr eoni ne, serine, or

a- hydr oxyﬁ%mﬂs@h(h%%) it B e SAEOTREHEI. his asspyis similar ne,
threoni ne o, §o§>59L59 &%@s@h& R& ﬁ)reséxt ma@adn&%mfa dpss?ge@awneﬁﬁa%%@ Xaa,

is aspartic aci I's al ani The’ met Caim1 wherein nis
0-10. | | b¢cpbhds|for J minjtes. \ﬁItWIaS fpund thatithe |:1 tetrapeptige- M@W&K@@Z@@lblt@d uric

ot hod of “0h BB LT & SEbBfefin 5 MO IHERECHBRR, | Indelie ukiv 1)
conpri ses tearapeptidd- edppcrchomgles aq:uauﬁ:%,OD 28ivityh inge supeddxidf isGloavented B hydergen n P2
comm s o= p805eh, Ul L OROSENST w38 PRl Bl
Hi s, wher eadicad@edhictien. an am no acid having a f r ee side-chain -NH2 and mis
of Craim 1 wheBE e piice BrhEtony U5, Be SR oSS p sl e Oy ot
al ani ne i &tﬁp@h&d%dp@emmﬂalex&ﬁ TH'ehesayectohrbdned)ftecﬁhqmwffo&x thia B mssafaand uhs a
D-ami no a(::c!nghmb l)xsldase as%!a)) YQQJI‘ was agdeg to Al test tul?es in order to quantitate its reduction by

superoxide radical. The samples also contained ascorbate and copper and were incubated at 37°C.

At S, 15, 30 and 60 minutes, the samples were removed from the incubator and read at 560 nm. The

results are shown in Figure 17. In the sample containing the 2:1 tetrapepti;ie-copper complex, NBT

reduction increased over time and reached a maximum at 30 minutes. The sample containing the 1:1

tetrapeptide-copper complex also showed an increase in NBT reduction, with a decreased maximum

reached at 60 minutes. These data suggest that superoxide accumulates in the sample containing the

2:1 tetrapeptide-copper complex, while the 1:1 tetrapeptide-copper complex mimics superoxide

dismutase.

The likely sequence of events that occurs in the production of hydroxyl radicals is as follows:
0,- 0,” - H,0,- OH (Eq. 5).

It has already been shown that the 1:1 tetrapeptide-copper complex can convert superoxide radical

(O,”) into hydrogen peroxide (H,0,). This is the SOD activity of the complex. The 2:1

tetrapeptide-copper complex cannot facilitate this conversion since the two molecules of the

tetrapeptide fill all six coordination bonds of copper. This explains why the 2:1 tetrapeptide-copper

complex is so effective because it inhibits the formation of hydrogen peroxide, which could in turn

react with reduced copper to produce hydroxyl radicals via the Fenton reaction. The 1:1

tetrapeptide-copper complex also provides a valuable service by eliminating the superoxide radical.

Even though it produces hydrogen peroxide, most compartments of the human body have sufficient



Xaa, and Hs are D-anmino acids.. 17 The nmethod of Claim 16 wherein all of
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The results showed that the tetrapeptide was very effective at preventing the formation of
DNA strand breaks. See Figure 18. Optimal protective tetrapeptide:copper ratios were 2:1 and
greater, since superhelical circular DNA was still visible on the gel at these ratios. At a
tetrapeptide:copper ratios of 1:1 or less, nicked circular DNA, linear DNA and more damaged DNA

(smears) were visible.



radi ati on therapy, during radiation therapy, after radiation therapy, or
conbi nations thereof. 32. The nethod of any one of Cains 1-20 wherein at

| east one WAPW528cid of P, is substituted with (a) a sBBYPS¥AE[E t hat
increases the lipophilicity of the pegiide wthout altering the ability of
P, to bind netal ions, (b) a substituent that protects the peptide from

pr ot eol WyrGeigymes w thout altering the ability of P, to bind netal ions,
or (c) a substituent which is a non-peptide, netal-binding functional
group that irprovAsnethed efyieflucing thé dahagepslope bylteacteyelsixgigenrspeats (RS in @8. The
nmet hod of . I 2.0t he I: S 1 he | use
of t e nasia B RS e G BN afec e B Ol feBfo b REIRGALS® 1
met hod of Cl aim 33 wherein the anindk, -iPs, suffering from cerebrovascul ar
ischema . and the ischemc tissue is |ocated in the brain of the aninmal.

35. The M#®d of O aim 33 wherein the animal is suffering from

cardi ovascul @ ijst schema and the ischemc tissue is located in the heart of
the animal. 36. The nethod of C aim 33 wherein the peptide is adm nistered
prior to reperfusieh Xaadili§iart aneously with reperfusion, after reperfusion,
or conbinations tkes . His &aalN€ nmethod of Caim 32 wherein the aninmal is
in need of the pepti'de becaus® of neurological trauma. 38. The method of
Cl ai m 32 wheMeis{Xehk: animal is in need of the peptide because it is
suffering fr a. neur.odegener at |.ve .di seas T hod _ of .ai m.32

wher et n the. By I BE ARG JelfS U ED R teusdpe iR RSP Ppopid 2 T
[11J] 1labfakdging, | dlbktadiio @did,2 SRtemiC Ty )hyidedKy R sinB 4 hikfidind, herginirteh @ehithineCl ai m

39 wherein the .peptide is adm nistered to.an animal exhihiting synptons of
o551 bl PHEEHRERE, BevieatomatHe eGP TINSHE. o BV BoSTACRIFSeL s cham & whi | &
the ani mal  iXaafigiiNgnedil @GP aRnind, Valinkieudiid, Reldudite, éeriat, Mredhinslueptidacidhe
peptide is adm nistered to an animal, prior to ., surgery, during surgery,
af ter s ASBRRSINS, gHlutagicnpcidt BhYENIRG: clyeing.  hydpoxyiysisebisHeae.opeining @rithifgher ei n

the sur ggeyylhignifl BRoMRALptSpHAR S YieidE, ndiRhe, of Q-hylfoRMARhAn&N Organ into
t he ani ?r@lre.y 43, TE}EO rlref{ﬁ%%t_ of ’C_:Iyatimm’39 v:{ner eion_ tj}{e opggt.i%e s admi ni st er ed
to an ani mal %#ei sehcie, plasinetviabue, dysieapginingupiigine. Agpagti¢ anid.taheamis\acidaf t er

radi at i o%pgrﬁhgéégmtmg e&h i(,@ﬁ.%dgons t hereof. 44. The nethod of O aim 32

wher ei n ne of t wing formulas: R CH2ZCO2H CHCQ2H H2N- CH
Xaa, is any amino acid; and
n is 0-100;

or a physiologically-acceptable salt thereof.

2. The method of Claim 1 wherein Xaa, is aspartic acid, glutamic acid, arginine, or «-
hydroxymethylserine.

3. The method of Claim 1 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or ¢-hydroxymethylserine.

4. The method of Claim 1 wherein Xaa, is lysine.

5. The method of Claim | wherein Xaa, is aspartic acid, glutamic acid, arginine, or a-
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa; is lysine.

6. The method of Claim 5 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is alanine,

_glycine, valine, threonine, serine, or a-hydroxymethylserine.
7. The method of Claim 6 wherein Xaa, is alanine, threonine or «-hydroxymethylserine.
8. The method of Claim 7 wherein Xaa, is aspartic acid and Xaa, is alanine.

9. The method of Claim 1 whereinn is 0-10.
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11. The method of Claim 10 wherein n is 0.
12. The method of Claim 1 wherein P, comprises a metal-binding sequence.
13. The method of Claim 12 wherein P, comprises one of the following sequences: (Xaa,),,
Xaa, His Xaa, Xaa,,
(Xaa,),, His Xaa, Xaa;,
(Xaa,),, Xaa; Xaa, His Xaa,, or
(Xaa,),, Xaa; Xaa, His,
wherein Xaas is an amino acid having a free side-chain -NH, and m is 0-5.
14. The method of Claim 13 wherein Xaas is Om or Lys.
15. The method of Claim 1 wherein at least one of the amino acids of P, other than j-
alanine is a D-amino acid.
16. The method of Claim 15 wherein Xaa, is a D-amino acid, His is a D-amine acid, or both
Xaa, and His are D-amino acids..
17 The method of Claim 16 wherein all of the amino acids of P, other than -alanine are D-
amino acids.

18. The method of Claim 15 wherein at least 50% of the amino acids of P, are D-amino

acids.

19. The method of Claim 16 wherein at least 50% of the amino acids of P, are D-amino
acids.

20. The method of Claim 17 wherein at least 50% of the amino acids of P, are D-amino
acids.

21. The method of any one of Claims 1-20 wherein the animal is in need of the peptide
because of the need to reperfuse an ischemic tissue or organ of the animal.

22. The method of Claim 21 wherein the animal is suffering from cerebrovascular ischemia
and the ischemic tissue is located in the brain of the animal.

23. The method of Claim 21 wherein the animal is suffering from cardiovascular ischemia
and the ischemic tissue is located in the heart of the animal.

24. The method of Claim 21 wherein the peptide is administered prior to reperfusion,
simultaneously with reperfusion, after reperfusion, or combinations thereof.

25. The method of any one of Claims 1-20 wherein the animal is in need of the peptide

because of neurclogical trauma.
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COLou NiHNNH <~H2G C H\~H2C-CH H CO H CO NH NH | H ( CH2) 4NH2

CH (CH2) 4NH2  COPH CORPH | CH2CO?H H2N- H CH2CO2H cowﬁmzwmco N1 H
NH H3C | WHEBB¥E H O N T?LH2G-~H < H2G-CH H CO H CO 26883 ( CH2) ANH2
CH (CH2)4N(R3)2 COR2 CO2H wherein: Rs3is an alkyl, aryl, or heteroaryl;
R2 is -NH2, -NHR1, N(R1)2, -OR,, or R; and R3 is H a non-peptide,

met al - bi ndi ng bENtkd @BBbd ST2@Y Bneddf G1aighst1VED Wkrgh e RAimaPBEA R Jf HePeptitle
non-peptide, netal-binding functional group. 45. The method of Caim44

wher ei n t HECayss s sutfering fropeansurofegeperathE iseass- hecause of the need to

reperfuse an i $ghemieCmbihgS We afy o8¢ RTIAmst N0 HHeR the Tdebhael islddkdihibibdelil 1
L1111 11 1111 M's WO 01/ 25265 PCT! CSOQ 26952 56 46. The method of O ai m 45

wher ei n t HEoRkplasticplly.s suf fering from cerebrovascul ar i schemia and the

i schemi c tissuggigpd rﬂ&ﬂ&ﬁﬁ dlaﬂmtz")‘%thFeﬂ{ fle Béptﬁd@% atiniRred té?m arl Hﬁl &ﬁﬁlﬂﬂ% and

Claim45 wherein the animal 1s suffering from cardi ovascul ar
t he i schersymppingafipessibde derpbrovesgulamischeraia hmslbl@cfarchwcam lmbmlaa@le thpgnimalt hod
of Claim 4§bé‘1"ﬁ§e&i§énﬂserdhe peptide is adm nistered prior to reperfusion,

29. The method of Claim 27 wherein the peptide is administered to an animal prior to
surgery, during surgery, after surgery, or combinations thereof.

30. The method of Claim 29 wherein the surgery is open-heart surgery or surgery to
transplant an organ into the animal.

31. The method of Claim 27 wherein the peptide is administered to an animal prior to
radiation therapy, during radiation therapy, after radiation therapy, or combinations thereof.

32. The method of any one of Claims 1-20 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that improves the ability of the peptide to bind metal ions.

33. The method of Claim 32 wherein the animal is in need of the peptide because of the need
to reperfuse an ischemic tissue or organ of the animal.

34. The method of Claim 33 wherein the animal is suffering from cerebrovascular ischemia
and the ischemic tissue is located in the brain of the animal.

35. The method of Claim 33 wherein the animal is suffering from cardiovascular ischemia
and the ischemic tissue is located in the heart of the animal.

36. The method of Claim 33 wherein the peptide is administered prior to reperfusion,
simultaneously with reperfusion, after reperfusion, or combinations thereof.

37. The method of Claim 32 wherein the animal is in need of the peptide because of
neurological trauma.

38. The method of Claim 32 wherein the animal is in need of the peptide because it is
suffering from a neurodegenerative disease.

39. The method of Claim 32 wherein the peptide is administered prophylactically.

AN



simul taneously with reperfusion, after reperfusion, or conbinations
thereof. 49. The nethod of C aim44 wherein the animal is in need of the
pepti de bec#gsw/28%5 neurol ogi cal trauma. 50. The net hod B§T/USPHISPE244 wher ei n
the animal is in need of the peptide beg use it is suffering froma

neur odegenerati ve di sease. 51. The nethod of O aim44 wherein the peptide

is adm ni stered, prophylacti.cal.l 2.. The hod, of . i - i he
peptide is adm ﬁ@sﬂ@r’%eahotdo‘)f AR Pﬁén'erewﬂe[ %ﬁgF%lenlé adrg‘y‘r?p %r%éna %%%Ag%glkﬁ)@né

cer ebr ovas Gyigiboms 6{pb&iblecefbropRsHirdcRentiasrgbsibheadlonssciladiebmiawhileitheaninied
animal is being diagnosed. 53. The nethod of C aim51 wherein the peptide
i s admi ni st'&Pdee 42gnafidani mal prior to surgery, during surgery, after
surgery, or confi ngkd ARsod HeCBRe 39 Aereid R EBLdOE a@hinfsterddto 28 awihal gridt tb he
surgery is open-heart surgery or surgery to transplant an organ into the
ani mal . 55.suBhw, dusing sugeY, afprsuraesy ongaepaptions Hisre8bpt i de is adnministered to
an ani mal prior o at i h : i Loak. 1 ,

radi ati on ther ag%i, Tl(])gr ﬁ‘%@ﬁ%f’ﬁ?ﬁ‘%%&%ﬁﬂ%& Smg%l&%lj' %ﬁ&ﬁ%ﬁ%@%ﬁ;@éﬁ? of

C ai ns 1- 20randépdaneamorgdn ihtedlstanomd. ami no acid of PZ is substituted with (a)

a substituent that_Jjncrease he.,lLipophilicidt. f i A t
altering the aE?I F @mgzﬁo(g?tsgém f%}(‘f&‘?fg‘tnal*’e Peghés{e, ggaggnngsmgﬁgst#&@ﬁ%p? at?_ .
prot ect s t hedipRatietpyfducing priatienihyiapi; afdn zadiveion thefap}@u torelisationgtheredfe ability

of P, to bind ions,, Qr _(c).a supstituent [ 1S non- pepti de,

nmet al - bi ndi ng Fg%ca:’he nli‘"“gf&&?é)mt?ﬁé(‘fhe‘ie' Féaass"é’g °ﬁ\£‘gf°g§|wmgtf§m}5‘?ast he peptide to
bind netal ions. 57. The nethod of C aim 32 wherein at | east one am no acid
of PZ is substituted with Ra) a substituent that increaSHsCOie

| i pophilicity of the pepti dé;;.mdzlpput altering the abil_] 'Nt_FEHof P, to bind
nmetal ions, (b) a substituent that protects the peptide fjrom proteol ytic
enzynes without alterind@&Hability of P, to bind netallions, or (c) a
substituent which is a non-pgeptide, netal-binding functi gal group that
increases the ability of thd peptide to bind netal ions . A net hod of

reduci ng t he damage done by | active oxygen species (FRGSPlHi n atissue or

an organ that has been K froman ani mal conprisingggontacting the
tissue or organ with a Solution containing an effectivejanount of a
peptide having the formula: 4211 11 1 111 1 1 111 NH ILI/1IL 1 MS
111 WO 01/ 25265 PCT/ USOQO 26 57 P, - P,, V\Qer eﬁ nﬁzd{,__éhs:
Q}Hzc..%,ﬂ N oo
H COOH
CHCOgH ?HzcozH
H2N~(|3H (R3)2N“?H
e v
NH H
H3C—'(IZH H3C*(13H
¢o ‘fo
N A N—)_ hiH
Q HyG—GH QN HC—GH
N éORZ H COOH
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Xaa, Xaa2 His: or Xaa, Xaa2 H's Xaa3; P, is (Xaa4),,; Xaa, is glycine,

al ani ne, I ) Q) RUGkdae, serine, threonine, artic acid,
aspar agi néﬂ” P%’Ea bl b B B ne, |ysine, hydroxylpfgﬂﬁgﬁ“?ﬁzstl di ne,

argi ni ne, ornithi nejjﬂw H Eme, t ys0si ne, tryptophan, cysteine,

met hi oni ne, or a-hy ne; Xaa, is glycine, alanine, P-alanine,
valine, leucine, isoleucine, serine, threonine, aspartic acid, asparagine,
glutam c acid, glutafne, |ysine, hydroxylysine, histi dHﬂE),zHargl ni ne,

orni thine, phenylal aifHf@:H tyrosine, tryptophan, cyﬁhebne met hi oni ne, or
a- hydr oxynet hyl ser inpescHXaa3 is gl ycine, alanine, val Tné, | ysi ne, arginine,
ornithine, aspartic ac"dod glutam c acid, asparagine, fj ut am ne or
tryptophan; Xaa4 is any amno acid; and n is 0-100; oNHa

physi ol ogi cal | y- acceptjabl e sal t thereof. 59. The rreﬁp.oé,..of Cl ai m 58 wherein

Xaa, is aspartic d&fafMglutanmic acid, arginine, or a- fydroxynethylserine.
60. The method of C alcm 58 wherein Xaa2 is glycine, al @ni ne, valine,

| euci ne, isol guci ne, Nhhreonl ne, serine, aspa ne mSIEIhI oni ne, histidine
or a-hydroxy y r|I pe. 61. The method of ﬁI‘EI n Xaa3 is
lysine. 62. T of Cl ai m 58 wherein XaaN IS aSpZB.I’tI c acid, glutamc
acid, argininehf or a OF?ydr oxynet hyl seri ne, Xaai" is gl y$? al ani ne,

vallne | euci ne, isol &dcine, threonine, serine, aspar gine nmet hi oni ne,
hi stidine or a-hydroxysegchylverine, and Xaa3 is |ysinecn§gu,Npg method of
Cl ai m 62 wherein Xaa, éb§+aspart|c acid or glutamc aci dzxaaz IS
al ani ne, glycine, valine, threonine, serine, or a-hydro6x¥ynethylserine. 64.
The met hod of Cl aim 63 wherein Xaa2 is al anine, threonine or
a- hydroxynet hyl serine. 65. The method of Caim64 wherein Xaa, is aspartic
acid and Xaa2 is alanan»“ﬁgH The method of Claim58 wherein n is 0-10.
67. The nethod of Clﬁﬂgkﬁf wherein nis 0-5. 68. Thecﬁgbgpd of C aim67
I

wherein nis 0. Il LI 11Edr vl Vil &)”pq: 25265 PCT1US00/ 26952
58 69 The nethod of C alcliﬂ 58 wherein P, conprises al - bi ndi ng sequence.
70. The method of d ai mpﬁﬂ wherein P2 conprises one o1°°t he fol |l ow ng
sequences: (Xaa4) m,_%(e IJ—h s Xaa, Xaas, I}IH
ch—(l:H
co o
Qj_HZC‘CH O-Hzc—CH
CO CO
tilH +H
cl:H—(CH2)4NH2 ?H-(CHz).zN(Ra)z
COR; COH

wherein:

R, is an alkyl, aryl, or heteroaryl;

R, is -NH,, -NHR,, N(R,),, -OR,, or R,; and

R; is H, a non-peptide, metal-binding functional group or the two R; groups together form
a non-peptide, metal-binding functional group.

45. The method of Claim 44 wherein the animal is in need of the peptide because of the need

to reperfuse an ischemic tissue or organ of the animal.
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(Xaa4) m Hi s Xaa. Xaas, (Xaad4)m Xaas Xaa, Hi s Xaa3, or (Xaa4)m Xaas Xaa,
His, wherein Xaas is an amno acid having a free side-chain -NH2 and mis
0-5. 71. THe&¥2ffod of Claim 70 wherein Xaas is Om or REEUSIUZISZTD The

met hod of Cl aim58 wherein at | east one % the ami no acids of P, other than
alanine is a Damno acid. 73. The nethod of Claim72 wherein Xaa, is a

e e e s e AU BEh freif e BRI s Sing B cel Beohuli Ll

acids.. 74 The hod © am érei'n a e am no acl
ot her than @&i&hzsnharrecmsﬁimocaminmeaamdsfthaﬁnmﬂhe rret hod of Claim72

wherein at |east %.0 i ds, of . P2. The
met hod of Claim 47?01;55 %xp%o S axing S?\quﬁlo}heoqmr? g nn dso@% tggnsczgma
D-am no  aciafkbihe BéhemituissiEt bodledih el lizbnb{ide afieaiei n at Ieast 50% of the
am no acids of P a,;_e D-anj

ac ds 78. The one of . ¢ ai ns
55, 77 wher oi 1 t B¢ TIESTRRGH oL e % Shersiahe PRE St THE el PHah o AP oy
bei ng cont agingfkavdolidly WitErep@lubibh, Qte:GORRbI DA, ragc&mm@a@&heel@f 79 The met hod of
any one of Cains 58-77 erein at | east one am no acid

substi tuted wit h#% afheamenssaliGlaems whraein ithecaniead ésingged f ‘ﬁ%ﬁ?ﬂtﬁl‘: @F‘iaS}sed’f t he
peptide withoubathigkidg the ability of P, to bind netal ions, (b) a
substituent that protects the peptide from proteolytic enzynes w thout
altering the abi ﬁ(f t?veomeﬂrwd of &lditn 4d whetesrt the apimal ipin fegg ofthg @pitde berawe WiRi ch

I's a non- peplkdss mofiB @m&' ROe dikagd 1 onal group that inproves the ability
of the peptl‘gg t% b|n B PQl}aones 86[ The nethod of Claim79 wherein the

ti ssue or organ $ks The émshpﬁ oiEleich 44mvh¢rémthammté¢ isafmisistergsairenhyledivallict ed with

has one of the 1 51| Reiaon o QAL St et e BRFiAPRIaBRE: R b2 P B8 1
S This Sheetsyrhjasmaéms;ﬂemmdsc\ﬂﬁi&hé@ﬁﬁﬁﬁsﬂﬂﬂs@@l&cmlmhmMMWZ
FTTEINCL 1 lsde}ngdxag ossd 2 CO2H

53. The method of Claim 51 wherein the peptide is administered to an animal prior to
surgery, during surgery, after surgery, or combinations thereof.

54. The method of Claim 53 wherein the surgery is open-heart surgery or surgery to
transplant an organ into the animal.

55. The method of Claim 51 wherein the peptide is administered to an animal prior to
radiation therapy, during radiation therapy, after radiation therapy, or combinations thereof.

56. The method of any one of Claims 1-20 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b} a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that increases the ability of the peptide to bind metal ions.

57. The method of Claim 32 wherein at least one amino acid of P, is substituted with (a)
a substituent that increases the lipophilicity of the peptide without altering the ability of P, to bind
metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without altering the
ability of P, to bind metal ions, or (¢) a substituent which is a non-peptide, metal-binding functional
group that increases the ability of the peptide to bind metal ions

58. A method of reducing the damage done by reactive oxygen species (ROS) in a tissue or
an organ that has been removed from an animal comprising contacting the tissue or organ with a

solution containing an effective amount of a peptide having the formula:

M
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CHCO?H H2NNCH H2N- CHC O CONH NH RI-CH H3CGCH CO Co NNH N NH
J) H2C cH. <~--H2GCHH COOH N1 H COOH CH2CORH CH2CO2H H2N- CH ( R3) 2N- CH
I’ T co cORIG5SH3C-CH H3G-CH i0 CO N NH N NH H2C- CHPCTP8802$952 N H COR2 H

COOH R+ CH2CO2H C 1 HCO2H H2ZN-CH H24CH CO CO 1 NH NH I | H3CG | H
RlI-CH COLQU//NNHNNH j)-HRCG-c!H~~H2CGCH H COH CO NH NH
P,-P,,
wherein;
P, is:

Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,;

P, is (Xaa,),;

Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or e-hydroxymethylserine;

Xaa, is glycine, alanine, B-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or &-hydroxymethylserine;

Xaa, is glycine, alanine, valine, lysine, arginine, omithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan;

Xaa, is any amino acid; and

nis 0-100;
or a physiologically-acceptable salt thereof.

59. The method of Claim 58 wherein Xaa, is aspartic acid, glutamic acid, arginine, or a-
hydroxymethylserine.

60. The method of Claim 58 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or ¢-hydroxymethylserine.

61. The method of Claim 58 wherein Xaa, is lysine.

62. The method of Claim 58 wherein Xaa, is aspartic acid, glutamic acid, arginine, or o-
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa, is lysine.

63. The method of Claim 62 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is
alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine.

64. The method of Claim 63 wherein Xaa, is alanine, threonine or a-hydroxymethylserine.

65. The method of Claim 64 wherein Xaa, is aspartic acid and Xaa, is alanine.
66. The method of Claim 58 wherein n is 0-10.

67. The method of Claim 66 wherein n is 0-5.

68. The method of Claim 67 wherein n is 0.
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CH (CH2) 4NH2 CH (CH2) 4NH2 CO2H CO2H 1121all rrrirl 111121 11211211 111 * CL
M S This Sheet Has Been Replaced W 01/25265 PC Tl TISOO 26952
11111111111wW0P12sedsi11 60 CH2CO2H H2N-CH CH2CO2H CU ( RB)TZAM0@49521 CO  NH |
H3CG-CHH H3G-CH COCo NHI NNHHUH OH2c?H NH NH | | CH (CH2)4NH2
CH (CH2)4N(R3)2 COR2 CO2H wherein: R 7T1s an alkyl, aryl, or heteroaryl;

R2 is -NH2, -NHR, LR or . R . and | S Y- alel i de,
met al - bi ndi ng fllj%ﬁc?%rﬁg}gdgorf(#gmosrg Wth Flrgmt%\lﬁo 1"?C;graorlrjépjasE bﬁég@? ﬁ@?’&%br m a
non- pepti de, netHl. -The mdihng of Ciniat 4SorateirgP,@ampri®? oneldi eherfeitowant sedueBieai m 81

wherein the tissue or,0r I 5. tyansplanted into an aninmal after Dbeing
contacted with the soﬁ?*?éﬁwtgﬁ&?&%ﬁg the peptide. 83. The nethod of any
one of Cainms 58-77 K& eiHk Bda, K@QSt one anino acid of P2 is substituted

with (a) a substituent that increases the lipophilicity of the peptide
wi t hout altering the (X2fom%2eaXag HipXadsPThi nd netal ions, (b) a substituent

that protects the peSkWﬁaé,%m@,t eolytic enzynes wthout altering the
ability of P, to bind mefal ions, or (c) a substituent which is a
non- pept i de WhergiatXeps ip pmening aqidirving adisr sige-ehpy THhend Aévdhses the ability of

the peptide to byneEREAbd bAASim 70 wherein Xaas is Orn or Lys.

72 The method of Claim 58 wherein at least one of the amino acids of P, other than -
alanine is a D-amino acid.

73. The method of Claim 72 wherein Xaa, is a D-amino acid, His is a D-amino acid, or both
Xaa, and His are D-amino acids..

74 The method of Claim 73 wherein all of the amino acids of P, other than 3-alanine are D-
amino acids.

75. The method of Claim 72 wherein at least 50% of the amino acids of P, are D-amino
acids.

76. The method of Claim 73 wherein at least 50% of the amino acids of P, are D-amino
acids.

77. The method of Claim 74 wherein at least 50% of the amino acids of P, are D-amino
acids.

78. The method of any one of Claims 58-77 wherein the tissue or organ is transplanted into
an animal after being contacted with the solution containing the peptide.

79. The method of any one of Claims 58-77 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that improves the ability of the peptide to bind metal ions.

80. The method of Claim 79 wherein the tissue or organ is transplanted into an animal after
being contacted with the solution containing the peptide.

81. The method of Claim 79 wherein P, has one of the following formulas:

TR O 200 e



84. The net hod of C @hinshéd ndsk Lk | east one amno acid of P2 is

substi t ut (a) that increases the I| hilicity of the
pepti de V\Aﬁ?h%étzpqalteri MH‘ M#Hm%?" of P, to bind n]é(fTé‘r %ﬁg (b) a
substituent that prot e f som prot eol yti c enzynes w t hout
altering the ability of P, to bind netal ions, or (c) a substituent which
is a non-peptide, netal-bi nd| ng functional group that increases the
ability of the peptide to B{ nd netal ions. 85. A nethod ©fi,QHuci ng the
concentration of a netal mc:m:czm mal in need thereof, C rising

adm nistering to the ani rTZTJl effective amount of a pepfide having the
formula: I!!M1illj1 111 q 1 s WO 01/ 25265 PCTI USOQ 52 61 P, - P,
wherein: P, is: Xaa, Xaa H €££0or Xaa, Xaa, H s Xaa3;, Ryis (Xaa,),,, Xaa,
is glycine, alanine, vali ne,'>_| euci ne, isoleucine, serine] threonine,
aspartic acid, asparagine, {gl utamc acid, glutamn neRiTy i ne,

hydr oxyl ysi ne, histidi nBzCaQid ni ne, ornithine, phenylal@nine, tyrosine,

tryptophan, cysteine, nmethidpjne, or a- hydroxynet hyl seri he; Xaa, is

gl yci ne, al anine, P-al anl ne,[ valine, |eucine, euci neéNHseri ne,

t hr eoni ne, aspartl cid :mpar agi ne, gl ut am Cgl([;n, am ne, |ysine,
hydr oxyl ysi ne, |d52§ arl |n|ne orni t hi ne, henylalanlne tyrosine,
t rypt ophan, cyste i—"l:n or a-hydroxy hyl seri$f@®HXaa3 i s

gl yci ne, al ani ne, val i ne, Iyx)o}e arginine, ornithine, aspartic acid,
glutam c acid, asparagine, glutamne or tryptophan; Xaa, is any am no
acid; and n i s 0-100; or a,Cé'thOii ol ogi cal I y-acceptabl e salt thereof. 86.
The method of O ai m 85 wheftéi2f , is aspartic acid, gl UtHa®QHaci d,
arginine, or a- hydrox serine. 87. The net hOd(R)J)Z;\Q- m 85 wher ei n
Xaa2 is glycine, alanine, Jaline, |eucine, isoleucine, threonine, serine,
aspar agi ne, nethi oni ne, hi di ne or a-hydroxynet hyl seri n“po 88. The net hod
of Claim 85 wherein Xaa3 i g4 ysine. 89. The nethod of C agyun 85 wherei n Xaa,

is aspartic acid, glutamc lacid, arginine, or a- hyd é hyl seri ne, Xaa2
is glycine, alanine, V##$AEM | eucine, isoleucine, hfla . serine,
co <|30
N NH N—\/ hH
Qj-Hzc——cl:H QN HC—CH
N
N COR, H COOH
Ry ?HgCOzH
CHCO,H HaN~-CH
HaN—-CH o
co !
| NH
" ¢H
HyC—eH Ri ]
o L
N NH
NH k |
( H,C—CH N )—Hzc—?H
co H co
N NH
?H‘(CthNHz ?H'(CHZMNHZ
CO,H CO,H
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aspar agi ne, nethionine, histidine or a-hydroxynethylserine, and Xaa3 is
lysine. 90. The met hodnio$hetial mreBRpubter ei n Xaa, is aspartic acid or

gl ut am ¢ ac™ HA®Xaa2 [i | yci ne, valine, thrRIHisa&269%eri ne, or
a- hydr oxynet hyl seri ne. i@%ﬂwmﬁﬂmﬁ of.,d ai m 90 wherein Xaa2 is al anine,

t hreoni ne or a-hydroxy #¥92.7"The nmethod of Cl aim 91 wherein
Xaa, is aspartic acid and Xaa2 is alanine. 93. The nethod of C aim 85
wherein n is 0-10. 94 The r’rg%q_gd of Claim85 wherein P, conprises a

nmet al - bi ndi ng sequence. 9%‘.'2 met hod of C aim 94 wherein P2 conprises one
of the fol | owing sequéfbe@d 1111111 (11111 11111 (111§ §%%t1 cL M5 wo
01/ 25265 PCT/ SOO 26952 egg (Xaa, ) m Xaa3 Hi s Xaa., (Xa¥SH (Xaa.,)m H s Xaa2
Xaa,, (Xaa,)m Xaa5 Xaa, H's Xaa3, or (Xaa,)m Xaab Xaao H s, wherein Xaas
is an amino acid having dfree side-chain -NH2 and mig,0-5. 96. The

met hod of C aim 95 wheyeten Xaa5 is On or Lys. 97. The inethod of C aim 85
wherein at |east one of t am no acids of P, other ¥ ~3- alanine is a
D-am no acid. 98. The method of C aim97 wherein Xaa, i® a D amno acid,
His is a D-am nonaej d, ornoth Xaa, and Hs arge Dam’rm acids.. 99. The
met hod of C ai m@ rce_i_éhall of the am no acigds\of P,| other than

i -al anine are Dfi no" acjds. 100. The method ok, £r85W@7 wherein at |east
50% of the amino d&cids of¢®2 are D-amino acids.H101. Ti®e nethod of any one

of Clains 85-100 wherein r’m | east one am no acid of P, ,ﬁHs substituted with

(a) a substituent that in(%;_ es,.the lipophilicity of tlhe i.de w t hout
altering the ability of ,?ﬁg)‘@?znd metal ions, (b) a SJ]UHB(g{??F‘B{‘}th t hat

protects the peptide fromf@oteol ytic enzymes wthout “@tering the ability
of P, to bind netal ions, or (c) a substituent which is a non-peptide,
met al - bi ndi ng functional group that inproves the ability of the peptide to
bind netal ions. 102. The nethod of C aim 101 wherein P, has one of the
foll owi ng fwifersidl:as: R CH2CO2H CHCO2H H2N- CH H2N- CH CO

R, is an alkyl, aryl, or heteroaryl;

R, is -NH,, -NHR, N(R,),, -OR,, or R,; and

R; is H, a non-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, metal-binding functional group.

82. The method of Claim 81 wherein the tissue or organ is transplanted into an animal after
being contacted with the solution containing the peptide.

83. The method of any one of Claims 58-77 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or {¢) a substituent which is a non-peptide,
metal-binding functional group that increases the ability of the peptide to bind metal ions.

84. The method of Claim 79 wherein at least one amino acid of P, is substituted with (2)
a substituent that increases the lipophilicity of the peptide without altering the ability of P, to bind
metal ions, {b) a substituent that protects the peptide from proteolytic enzymes without altering the
ability of P, to bind metal ions, or {c) a substituent which is a non-peptide, metal-binding functional
group that increases the ability of the peptide to bind metal ions.

85. A method of reducing the concentration of a metal in an animal in need thereof

comprising administering to the animal an effective amount of a peptide having the formula:



CONH NHRI---CH H3GCHLou Co NNHNIIH~ HGCH N HG-CH H COON

H COOH This Sheet Has Been Repl aced HE 141111 IN I1111 11111111111 * C
L MW oﬂ”é’s“égg“bcw USOQ 26952 63 CH2CO2H CH2CORH Hé’@é@%ﬁ%’)’zwm CO CO
NH NH H3CG-CH H3CG-CH 1010 QH2 NH N Ny G CH H COR2 | H2GH H COON R\

CH2CO2H CHCO2H H2ZN-CH H2N-CH Co CO | | NHHI GCHR-CH Co CO NH QH
NH OH2CH C -CHHCOH Co NH NH P, -P,
wherein:
P, is:

Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,;

P, is (Xaa,),;

Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

Xaa, is glycine, alanine, f-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, omnithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan;

Xaa, is any amino acid; and

nis 0-100;
or a physiologically-acceptable salt thereof.

86. Thé method of Claim 85 wherein Xaa, is aspartic acid, glutamic acid, arginine, or o-
hydroxymethylserine.

87. The method of Claim 85 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine.

88. The method of Claim 85 wherein Xaa, is lysine.

89. The method of Claim 85 wherein Xaa, is aspartic acid, glutamic acid, arginine, or -
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, ‘serine,
asparagine, methionine, histidine or at-hydroxymethylserine, and Xaa, is lysine.

90. The method of Claim 89 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is
alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine.

91. The method of Claim 90 wherein Xaa, is alanine, threonine or ¢-hydroxymethylserine.

92. The method of Claim 91 wherein Xaa, is aspartic acid and Xaa, is alanine.
93. The method of Claim 85 wherein n is 0-10.
94 The method of Claim 85 wherein P, comprises a metal-binding sequence.

95. The method of Claim 94 wherein P, comprises one of the following sequences:
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| H(CH2)4NH2 C H (CH2)4NH2 CO2H CO2H This Sheet Has Been Repl aced

11111111112122121222322 100 2 vk viellr 11 111 W 01/ 25265 PCT/ USO0/ 26952 64
CH2CO2H H2NWEeHI/BRPCO2H co (R3)2N-CH CO NH H3C- CH NH PHIGSO@M52C(r) CO | H
N NH (D - HZC-CH‘~--HZC-CI Ho Hca NI—!5 H | CH (CH2)4NH2 CH (CH2) 4N(R3) 2
COrR2 CO2H V\herel n R, is an alkyl, aryl,” or heteroaryl; R2 is -NH2, -NHR ,

NRI)2, -0OR, on- peptide, netal - b| ndi ng functlonaal
group or the tvvo R3 g@ggu%%%?aéﬁlsﬁﬁé"rx%ﬁrm a non-peptide, metal-binding
functional group. 103Xaaméimﬁhda0(daspf any one of C ains 85-100 wherein at

| east one am no acid % }P%V st H tuted with (a) a substituent that

i ncreases the | i pophitfdm$iastas 5%{?@13% de without altering the ability of
P, to bind netal iongXad})Xaa, ¥ashHis| t uent that prot ects t he peptide from
proteol ytic enz wi t hout terl b|| to bind netal ions,
or (c) a suﬁg}FTe{%ﬁ‘s\%P’Bﬂ"F‘%‘ ' n%@ﬁ'??ﬂ 6?‘?1&. ng functi onal
group that Incre%seﬁ;emoabftlakwmh&a@xa@mmmrLﬁ, bi nd rret al lons 104.
The met hod of O aim 101 wherein at | east one am no acid o

substituted wit h?{ abhe methodieé Claim 8npherpget leatt pasidle ypigo P‘i“ﬂ)‘(ﬂﬁﬁn P‘P?ﬂﬂw Fof t he
peptide W t ROWie &ldhhig adihe ability of P, to bind

98. The method of Claim 97 wherein Xaa, is a D-amino acid, His is 2 D-amino acid, or both
Xaa, and His are D-amino acids..

99. The method of Claim 98 wherein all of the amino acids of P, other than B-alanine are
D-amino acids.

100. The method of Claim 97 wherein at least 50% of the amino acids of P, are D-amino
acids.

101. The method of any one of Claims 85-100 wherein at least one amino acid of P, is
substituted with (@) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b} a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that improves the ability of the peptide to bind metal ions.

102. The method of Claim 101 wherein P, has one of the following formulas:

RQ ({3H2C02H
FHCOH HN-CH
HaN—CH (‘:0
<:30 ng
N Rr—-(::H
ch—?H co
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metal ions, (b) a substituent that protects the peptide fromproteolytic
enzynmes without altering the ability of P, to bind nmetal ions, or (c) a
substitueOMARH is a non-peptide, netal-binding funct PEHES26853up t hat
increases the ability of the peptide tg bind netal ions. 105. A nethod of
reduci ng the damage done by reactive oxygen species (ROS) in an aninmal
conprising admnistering to the aninmal an effective anount of a

nmet al - bi ndi ng pepti de ha é'P%Qt ﬁttached thereto a non- pept,i Wt al - bi ndi ng
functional group. 106. Tﬁmz 2hod of Cl aim 105 wherein t i de contains
from 2-10 am no aci d#,N—~OH S Sheet Has Been Repl ac@b),N—CH

EELTELEELER e et "L "iii $ € WD 01/ 25265 PICTI USOQ/ 26952 65
107. The net hod of d ai ml%G wherein the peptide contai Ofyom 3-5 anino
acids. 108. The net hod ofy ai m 105, 106, or 107 wherei Nghe ami no acids of
the peptide are D- am no |acids. 109. A nethod of reducing the danage done
by reactive oxygen T (ROS) in a tissue or anHé(l:ﬁ' t hat has been
renoved froman ani mal c rising contacting the tissue @y organ with a
sol ution containing an efffecti ve amount of a netal -bindijhg peptide having

attached therey non- tide, netal-bindin ncti ondyH group. 110. The
met hod of C ai/m 1Q9 wherdin the peptide contajfns rglna:g; am no aci ds.
111. The neth #MCHLO wherein the peptidg-contding from 3-5 amino

acids. 112. TheNnet hod oféo(ﬂ ai m 109, 110, or 11HI whereiGP®He ami no acids
of the peptide are D- amino Zacids. 113. A nethod of reducing the
concentration of netal in an animal in need thereof conprising

adm nistering to the animal an effective anmobunt of a netal -binding peptide
having attached thefeto a non-peptide, netal-binding dujooin onal group.
114. The net hod of dcabmH113 wherein the peptide cg‘n,g_aé s from2-10 am no
acids. 115. The n;ﬁ_énd of Claim 114 wherein the pebti e contains from3-5
anmino acids. 116. Th& nmethod of Caim 113, 114, or 11%%herein the anino
acids of the peptidejare D0 am no acids. 117. A nethodwpf reducing the
damage done by react f]‘Ue oxygen species (ROS) in an F@mé];pl conpri sing

adm ni stering toM®etHni mal an effective amount of a nketal-binding peptide

dimer of the formul ao P3-L-P3, wherein: ?0
N rLH : N hH
L—>—HZC—(|:H 41”20—“
N | N I
H Co H cI:o
NH N
?H‘(CthNHz CH—(CH3)4NH,
COzH CO,H
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each P3 maybe the same or different and is a peptide which is capabl e of
binding a netal ion; and L is a chem cal group which connects the two P3
pepti des t hMIYRBheir Cterminal amino acids. 118. ThePGHASAUWIBf C ai m
117 wherein each P3 contains 2-10 amno ggids. 119. The nethod of Caim
117 wherein at least one P3 is P,, wherein P, is: Xaa, Xaa2 H s: or Xaa,
Xaa2 His Xaa3; and 1111 EI Frerer el 12212 11 1l L MW 01/ 25265

PCTI USOQO 26952 66 Xaa, i %Hg&%ﬁi ne, al anine, valine, |eucine, isoleucine,
serine, threonine, aspartijc“acld, asparagine, glutam C.f icL gl ut am ne.

| ysi ne, hydroxyl ysi ne, Hkﬂ"f‘ﬁ di ne, arginine, ornithine, ;p%ghyl al ani ne,
tyrosi ne, tryptophan, cystsgi ne, nethionine, or a- hy@p)@k‘gf‘ret hyl serine; Xaa%
is glycine, alanine, (3-alianine, valine, |eucine, isolegoine, serine,

t hreoni ne, aspartic acid, ‘}‘Haspar agine, glutamc acid. g ’gt am ne, |ysine,
hydr oxyl ysi ne, hi sti ditie—car gi ni ne, ornithine, phenylallanine, tyrosine,
trypt ophan, cysteine, net réiooni ne, or a-hydroxynet hyl ETEHe; and Xaa3 is

gl ycine, alanine, valine, [I'ysine, arginine, omthine, a&partic acid,
glutam c acid, amparagi néiH glutamne or tryptophan. 12Q, The method of
Claim1] 9 wher ei@' i_% aspartic acid, glutamc\acidj arginine, or a-
hydr oxynet hyl seri ng? 15%. ;Jljhe met hod of O ai m 11, FEffﬁ Xaa2 is glycine,
al ani ne, valine, |8ucine, ?Psol euci ne, threonineH sering® asparagine,

met hi oni ne, histidine or &Hhydroxyrethylserine. 122. Thgunet hod of Caim
119 wherein Xaa3 is lysin auane method of G aim 119,y Ln Xaa, Is
aspartic acid, glutamc a?ﬁg?aé’wg?ni ne, or a- hydroxym?ﬁ%@&%&e, Xaa., is
gl yci ne, al anine, valine, PBucine, isol eucine, threoni n€%"serine,

aspar agi ne, nethionine, histidine or a-hydroxynethylserine, and Xaa, is

| ysine. 124. The nmethod of O aim 123 wherein Xaa, is aspartic acid or
glutaric acid and Xaa2 is alanine, glycine, valine, threonine, serine, or
a- hydr oxynetdagdemeri ne. 125. The nethod of O aim 124 wherein Xaa2 is al ani ne,
t hreoni ne or a- h%d.r 0X %ﬁt hyl sgri ne.., 126. The nethod of C aim 125 wherein
Xaa, is aspartic dEF'HQi 6&6&5 etealiani ne. 127. The method of O aim 119
wherein at | eastRODNHMNHR, (), 00R,or®;MA8 than P-alanine is a D-amno

. ) ; :
acid. 128. The nethod of Caim 127 Wwherein all of the amino acids of P,
ot her than P-al afii$H>apos-peptide, metal-binding functional group or the two R; groups together form

a non-peptide, metal-binding functional group.

103. The method of any one of Claims 85-100 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b} a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that increases the ability of the peptide to bind metal ions.

104. The method of Claim 101 wherein at least one amino acid of P, is substituted with {(a)
a substituent that increases the lipophilicity of the peptide without altering the ability of P, to bind
metal ions, {b) a substituent that protects the peptide from proteolytic enzymes without altering the
ability of P, to bind metal ions, or (¢) a substituent which is a non-peptide, metal-binding functional
group that increases the ability of the peptide to bind metal jons.

105. A method of reducing the damage done by reactive oxygen species (ROS) in an animal
comprising administering to the animal an effective amount of a metal-binding peptide having
attached thereto a non-peptide, metal-binding functional group.

106. The method of Claim 105 wherein the peptide contains from 2-10 amino acids.

This Sheet Has Been Replaced
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D-am no acids. 129. The nethod of Claim 119 wherein both P3 peptides are
P1. 130. The nethod of Clains 117 wherein at | east one amno acid of P3 is
substitut &P WH° (a) a substituent that increases t hGHYEEWRHRicity of the
peptide without altering the ability o65P3 to bind netal ions, (b) a
substituent that protects the peptide fromproteolytic enzynmes w thout
altering the g7 IThé yhethbd BBClain Diéncherait tt pépdids contdingfepm &5 ambwtacidsient whi ch

is a non-peptide, t al - bi ndi.ng functi I rqup that. i oves. the ability
o the ment Do it THE RataeR gl 1061 ar PP herih St amirbbict (RGP R 44 P 5 o
01/ 25265 REeioda@s) 26952 67 131. The nethod of Claim 117 wherein P3
conprises an ami no acid sequence which is_ substituted wth a non-peptide,

met al - bi ndi ng 19%n&tmeshed of gedycipe the damage fens by Fractiveroxyeep Spraich RODAPaHFTUFt y of
P3 132. Thea{EdhQeatAhs @eﬁfe‘iﬂoléﬁfrd‘l\ﬁ"ﬁ% ﬁx!irﬂalleoxingrisﬂﬁé%hﬁ{:tin hR3issubloe oyt Bl of

Claim 117 wherein L is a straight-chain or branched-chai n al kane or al kene
resi due c@neuiiovicaainingan stfeciveamoyniof ametakbindingpeptifehaiing ptpghedtthersto pant 33
wherein L contahdds-wis Q8 3.aps. 135. The nethod of Claim 117 wherein L
is a cycl ipcﬁal kane re‘@‘.’ ue con é’ig};ng.from 2-8 carbon atons. 136. The
net hod of O ai hi013Be wigthod pfClaine Hiftvetierpin Be Sepside berairg fenms2-16 @Rino Fkids.net hod of

Cl aim 117 wherejn I ! - . ah 0l Ng: . g resi due.
138, The. met ot lof e BLORAREIY ARRPNEbkaD EL LA 45 pibARs | TF CU%
C ai m 117 wher &li2n The msthad of Glaier kP, 1d8toei 11 whereinheavanihmatids of the peptidagre Dhe

damage dorzlu%inl:g)yac{ gacti ve oxygen species (ROS) in a tissue or an organ that

has been renoved from an ani mal conprising contacting the tissue or organ
with a solution containing an effective anount of a netal - bindi ng peptide

0 O, hE Bk sy 1O iSO T g BEp SRS, |
i s a chemcompriingudminibteriiy ©aNAGha ahleffedtive alfidupteritai mkea-bindingpgbtideltaving
(c::;)}[,]te ;Im nga%@%‘e‘gﬁffﬁtg%{gﬁﬁg&%i m;rtz}l]ﬁ)inra?r;[g}]%gctiggal cg:lro?ilp.m 140 wherein each P3

114. The method of Claim 113 wherein the peptide contains from 2-10 amino acids.

115. The method of Claim 114 wherein the peptide contains from 3-5 amino acids.

116. The method of Claim 113, 114, or 115 wherein the amino acids of the peptide are D-
amino acids.

117. A method of reducing the damage done by reactive oxygen species (ROS) in an animal
comprising administering to the animal an effective amount of a metal-binding peptide dimer of the
formula:

P,-L-P,,
wherein:

each P, may be the same or different and is a peptide which is capable of binding a metal ion;
and

L is a chemical group which connects the two P, peptides through their C-terminal amino
acids.

118. The method of Claim 117 wherein each P; contains 2-10 amino acids.

119. The method of Claim 117 wherein at least one P, is P, wherein P, is:

Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,; and

R



142. The nethod of O aim 140 wherein at |east one P3is P,. wherein P, is:
Xaa, Xaa, His: or Xaa, Xaa2 H s Xaa3; and Xaa, is glycine, alanine, valine,
| euci ne, i s¥oEs2e®, serine, threonine, aspartic acid, PISPBoGEIIIE,

glutam c acid, glutam ne, |ysine, hydrox %ysi ne, histidine, arginine,
ornithine, phenylalanine, tyrosine, tryptophan, cysteine, nethionine, or
a- hydroxynet hyl sgring; . Xaa, s glycin al anine, (i-alapine, valine, .

| euci ne, i sol euiif fo 1 s?@'rcfnﬁ’e?garf’ﬁ%e%ﬁﬂenié,u’:g‘g’pgf’lﬁcé”eaé‘frﬁ? - IALEoRine  BIPATLIC acid,

gl ut am c achsparaginelt gitands abids igh€umifty diyaney | ByStoR@ysity, HidtidinBe arghiig, irfichine,
orni t hi ne, henyl al ani ne, tyraqgsine, tryptophan, cysteine, mnefhionine, or
- hy dr oxy rrePHFY BlBRindTToiR trydianbhen, Prsising Fietonines o - ACRVRFRERIEAL'S W )

01/25265 PCT/ USORkaf8 85dine, Bighnintalahifie, Shi¥el IBRineASANUME, seribl | thrbhinel #fdriieucid,
arginine, ornithine, aspartic acid, glutamc acid, asparagine, glutamne
or tryptophasparaging, shupfaisraeifoglutaming, dyvinel 4ordigneyeien eiigine] 8raipdnea rarpithinge d,
gl utam c acj i Qi ; - rine t.had of

& i m 142" wPrLERE %ind by Fonnh N RO S 4 MEh e AR B o e

t hr eoni ne, seri n¥ga, ésgiprie hlasne, ivelits] ysinaergihing tormdihme, opartic acid, glutamic acid,

a- hydr oxyme | serine. .145. The, nethod of C aim 142 wherein Xaa3 is |ysine.
146. The me%‘%%rgglg?’ qaarfuﬁf i%?’p%ﬁléﬁnei n Xaa, is aspartic acid, glutam c acid,
argi nine, or a- hydroxynethyl serine, Xaa2 is glycine, alanine, valine,

| euci ne, isoleucjne,. threonine, i he,. asparagine, t hi oni.ne,. histidine
or - hydr oxymet hA0SEhT REFOLHSm IS wiertiy Xand hae s URBIcRtH BHEPAY i 146
wher ei n Xaahydrékyaehalstde. acid or glutam c acid and Xaa2 is al anine,

gl ycine, valine, threonine, serine, or a-hydroxymethylserine. 148. The
met hod of C aim 1@47Tm?t%9%f‘25‘§21¥9§”*§¥%ﬁ<%35 gb_ﬁ‘l“%éﬁf‘ﬁ% Vélme_‘ 1"“‘3‘“3"5"‘_‘3“‘“‘5’
a- hydr oxy metpsth®@! defife asp&ﬂgnc,%idﬂfgggﬁ%e Qoﬁt@%&ﬂ:ﬁaﬁ%ﬁﬁﬁw Xaa, 1s

aspartic acid and Xaa? is al ani ne. _The met'hod of aim 142 wherein at
| east one ani no & dhomethod o Haim k1A ahered Gaaaisilysé®e. i s a D-amino acid. 151.

The nethod of C ghmpl0 WS etk A ai )0 AL 4051,k RcidOlr tan
13-al anine are D amno acl é?a%?ggdw %L%%l%ﬁbg?@% é‘f%tr% 145 Whe g{nﬁ’ogot h P3
pepti des ar bydroxymeBglseriive Xant h@liycok, Ghuingrsvalidd) levsiecisnlending, dhrsoniggnsering no
acid of P3 | ' ikh (a) ' t J eases the

i pophi I i ci %@”%#‘9?%%“8%%% Heliid Rk &??’g%ﬂ%e% nd R, S0 o bi nd
netal ions, (b) i@4sTbstmethobefiClaiinde3 phatiacXa, ishepapieptid deglhtanim goidotné Kagtis ¢
enzymes wit Q%Ee,% yE:z%gc,l vggneE B‘Eeonine, serine, or a-hydroxymethylserine.

125. The method of Claim 124 wherein Xaa, is alanine, threonine or ¢-hydroxymethylserine.

126. The method of Claim 125 wherein Xaa, is aspartic acid and Xaa, is alanine.

127. The method of Claim 119 wherein at least one amino acid of P, other than 3-alanine
is a D-amino acid. ,

128. The method of Claim 127 wherein all of the amino acids of P, other than B-alanine are
D-amino acids.

129. The method of Claim 119 wherein both P; peptides are P,.

130. The method of Claims 117 wherein at least one amino acid of P, is substituted with (2)
a substituent that increases the lipophilicity of the peptide without altering the ability of P; to bind
metal fons, (b) a substituent that protects the peptide from proteolytic enzymes without altering the
ability of P, to bind metal ions, or (¢) a substituent which is a non-peptide, metal-binding functional

group that improves the ability of the peptide to bind metal ions.
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ability of P3 to bind nmetal ions, or (c) a substituent which is a

non- pepti de, netal - bi ndi ng functlonal group that inproves the ability of
t he peptl?}’é)“cla ¥ nd netal ions. 154. The method of O AGHUBMNEHNRerein P3
conprises an am no aci d sequence whichgys substituted with a non-peptide,
met al - bi ndi ng functional group to provide the netal -binding capability of

P3. 155. The rrfatlhqﬂe @Hetiol A M1al A0 IMIBERINP, leothPriddehtt Artino adid@equddie wiRhhod of
Cl aim 140 wherein is a straight-chain or branched- chaj n (1 kane or al kene

resi due c@&hsaiuieh mjthr % BPR-Reptide.cEtBIgHNdiRg ftpctiopalyeroym &0 providls dheomeie)-Binding 56
V\A‘IEI’EIHL% %1 28carbonatoms [rereerr e rrr 1111121 L L MS WO
01/ 25265 PCT/ USQ0/ 26952 69 158. The nethod of C aim 140 wherein L is a
cyclic al kane Fesiliumebohekflainnbi7whsmirl & nee'albon at oms. 159. The met hod of
d ai m 158 wher @3” The &Q{BB@bPélaﬁh ?17‘3\91?]&%9L?5tac§ l]@ﬁgno}_lﬂﬁnm%a RRgn Qi(a.n of’“ m 140
wherein L is a nitrogen-confalnin eterocycli Kane ~ resi due.

met hod of alRers residug@ontiveing ifnom| 1- l%caabOplapmsam de. 162. The nethod of CI al m
140 wherein L |45 afhgn%t%ﬁéé{#cﬁ% £i3 wﬁefe?’nL%n% k%)ﬂca(}go fiHE1 ng the
concentration of a i ere conpri sing

adm ni st ering 3. tThe mathodraf Claim éf’)f elxdréiv & isaulid alkdneaeside zbrtioining frg 258 pt | de
di eter of tt[';0 atg‘,orrmla P3-L-P3, wherein: each P3 nmay be the sane or

di fferent “Gnd 794 pepti de which is capable of binding a netal ion; and L
is a chem cal gjﬁoabemﬂaahcdnob(damel:zmheF@LmtdB&qeﬁpd;rbcdesomhr ough their

C-term nal am cid t hod, of Cla|m163v\,h i n
contai ns 2-10 Qﬁt r?cag‘eé‘?:eiitfg °§%1%‘§rﬁ‘? efrlt k& BFosrLP ?é‘}cé‘feiﬁ gian'f east
one P3 i srdfiduewherein P, is: Xaa, Xaa2 His: or Xaa, Xaa2 H s Xaa3; and

Xaa, is glycin | ani pe, v Li | euci_ne, jsol.eucine, serine, threonine,
aspartic acid, %Sagliffdf‘%‘g‘?drfg,&@“ dmhereind; iy 2 Pipergel g’f‘ri ne, |ysine,
hydr oxyl ysi ne, 139, $kd dHétha of D14inMNi1M&her@inTi i Biglyeeryl ester.

140. A method of reducing the damage done by reactive oxygen species (ROS) in a tissue

or an organ that has been removed from an animal comprising contacting the tissue or organ with
a solution containing an effective amount of a metal-binding peptide dimer of the formula:
P,-L-P;,
wherein:
each P, may be the same or different and is a peptide which is capable of binding a metal ion;
and
L is a chemical group which connects the two P, peptides through their C-terminal amino
acids.
141. The method of Claim 140 wherein each P, contains 2-10 amino acids.
142. The method of Claim 140 wherein at least one P,is P, wherein P, is:
Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,; and
Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, omithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;
Xaa, is glycine, alanine, B-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,

phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; and
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phenyl al ani ne, tyrosine, tryptophan, cysteine, nethionine, or

a- hydroxynet hyl serine; Xaa2 is glycine, alanine, P-alanine, valine,

| euci ne, i swioauesae, serine, threonine, aspartic acid, mAIIBIEGINE,
glutam c acid, glutam ne, |ysine, hydroxylysine, histidine, arginine,
orni thine, phenylal anine, tyrosine try ?ophan cysteine, nethionine, or
a- hydroxynet hyl serine; and Xaa3 is yci ne, al anine, vali.ne, si ne,

argi ni ne, ornit h#eis X P‘laﬁm%\d'?hf‘e Q’F‘t‘}? éﬁgiem%t(ﬁnﬂth‘“ea%SB%H’&@‘f‘iireg){m@P’t‘ita&% ne

or trypt Ophaﬁmalﬁé -glt8inEBt RRthpRin. C @i m 165 wherein Xaa, is aspartic acid,
gl utam c aci %I ni ne, or a- hydroxyrret hyl serine. 167. The nethod of

Cl ai m 165 wherei i xﬁ@@ngtgoc@f@quéﬂ wheagin ffea, ispgparieacid, glylemirecid Sghisa.cr fe,

t hr eoni ne, fRal.29i ne, nethionine, histidine or
a- hydr oxynetﬁﬂr{)’[s}%rllﬁ 8%?68 The nethod of C aim 165 wherein Xaa3 is |ysine.

1111111 111111 1Mﬂ1TMrh¢mddlofClaim 142@1&(@))(&4#25%631%& VeGE 26dR, isdlfuckE9.
The net hod ﬂu-eom m.165 wherein g{éé@nqpart yg&am I utan c acid,

ar gi ni ne, % sgn%g{%aﬁw é‘éetﬂ}‘?f]éﬂe @ ey grgraacihy éﬁf ne, valine,

| euci ne, i soI eucl4r5e’fhé héﬁ@@bﬂ'@amﬁﬂﬁl%em)@@pﬁﬂﬁ@ene met hi oni ne, histidine
or a- hydroxyrreth e aald is lysine. 170. The nmethod of, Caim 169
wher ei n Xaa, gép ol e %meaw%%& AP P Mo A 201 i O o

gl yci ne, vahy@&mm&@é}menm&smgmﬁm Bibnife, NAHAO XARRI bR 8dihd) Rhrednlre, sdiiR,

met hod of Claim 170 wherein IS ani ne thr eoni ne or

a- hydr oxyni &PWE@%ﬁ%O“meﬂ?QUdIW “rﬁ)’flmm@hy grige.and X32:0HEYeS n Xaa, is
aspartic aci d angyXefe miifoddNhiR8 46 %K@l—em-rﬁ% ethad oho %igfamcja@éa\‘i@ {' at

| east one amino acid of P, other than P-alahine Is a am no aC|d
The net hod 8Rnigy, &lyeing ¥alivgatraspine.setineodr o-hdroxyinabylaerings of P, other than

3-al anine are M}gl: | h P3
peptides are P, IIh?‘r;ong iﬁedgggﬁ&nﬁ7wi%ﬁma%%%ga§ﬁ\%md%%%o§% ea t%lgﬂlg&g:t% no
acid of P3 is substituted with (a) a substituent that increases the

l'i pophilicity of,h Iteln theabL P3 t.0 bi nd
metal ions, (b) Iétgsﬁggﬁ%é‘g%w?ﬁlh&% ortelé‘c S aépapnéc?m Gan d%kr%n F”Sf'éol ytic
enzynes wit hout Bbt €hd mghdsdr‘:ﬁ” Claifai 142 Wexﬁiﬁl aPBast ondxntifb avet &fIP, b!hmhan(ﬁ-aléxm)e a

substi tuent, \/\/g%ch i S non- pepti de, netal -binding functi onal group that
i mpr oves thia F"F‘i“f’)?c‘ the peptide to bind netal ions. 177. The nethod of

G ai m 163 wher ei 151 PBheGRdiitydof Chird NS(BHchiih A0 the SREHABIBCO M biGibY tham B-Bathiselald Ut ed
with a non-peptide, netal -bi nding functional group to provide the

met al - bi ndi gam”é%fi?éfﬁl lity of P3.
152. The method of Claim 142 wherein both P, peptides are P,.

153. The method of Claims 140 wherein at least one amino acid of P, is substituted with (a)
a substituent that increases the lipophilicity of the peptide without altering the ability of P; to bind
metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without altering the
ability of P; to bind metal ions, or (¢) a substituent which is a non-peptide, metal-binding functional
group that improves the ability of the peptide to bind metal ions.

154. The method of Claim 140 wherein P, comprises an amino acid sequence which is
substituted with a non-peptide, metal-binding functional group to provide the metal-binding
capability of P;.

155. The method of Claim 140 wherein L is neutral,

156. The method of Claim 140 wherein L is a straight-chain or branched-chain alkane or
alkene residue containing from 1-18 carbon atoms.

157. The method of Claim 156 wherein L contains 2-8 carbon atoms.
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178. The nethod of C aim 163 wherein L is neutral. 179. The nethod of C aim
163 wherein L is a straight-chain or branched-chain al kane or al kene

resi due colPaVRPRg from 1-18 carbon atoms. 180. The net REHU2654i m 179
wherein L contains 2-8 carbon-atons. 1&l. The nethod of O aim 163 wherein L
Is a cyclic al kane residue containing from2-8 carbon atons. 182. The

et hod of Ol aj4p 15 WGLRI R 20LHER, Bids é@Lpanm@t Qe bBminkiforElgh00 Of

d ai m 163 wherel 'S a nitrogen-contalining heterocyclic a resi due.
184. Thecarborhaomef CI aim 183 wherein L is a p| per azide. 185. The nethod of

Cl aim 163 whergj I ster 1111111111111111 WO
01/ 25265 PCT/ @0 g?a gkf é)’% ﬁBﬁ% caf Ed‘rﬁ%d’% Ttion comprising a
phar maceut i caldoy - RecaghebbfCr N4@ vhakth L & a)ﬁmbgeihecohanmwhdtérscyhm akhR: P, -

P,, wherejn: P, is: Xaa, Xaa2 Hs: or Xaa, Xaa, H s Xaa3; P2 is
(Xaad),, '™¥4& is glycine, alanine, valine, |eucine, isoleucine, serine,

threoni ne, asp@r Thémahbdlof CIFP PRGN LIS H}aﬁ@i‘aﬁd@c' d, glutam ne, |ysine,
hydr oxyl ysi ne, histidine, arginine, ornithine, phenylalanlne tyrosine,

t rypt ophan, ci/@t Shawethad of Claimi h@WhﬁrelaLhyngmi@Sﬂqyl serine; Xaa2 is
gl ycine, al ani&e TA m&ho%golfn rgducmg th@ EOncex?tpﬁ(ﬁlon%f aI rﬁ&lale'gca' r%?ﬂr{lﬁ%ﬁ 'n@gd tPereof

t hr eoni ne, aspartic acl am c

hydr oxy| yemprisingudsinisterirg,to the gumam effedftma'ainbm& pfa rpételﬂyhchhgpupnée dmymfshen e
trypt oph? ﬁ'ﬁYSt ei ne, nethionine, or a-hydroxynethylserine;, Xaa3 is

gl yci ne, offr valine, lysine, arginine, ornithine, aspartic acid,
glutam c acid, aspga[,agn] ne, glutam ne or tryptophan; Xaa4 is any am no
acid; and n is 0-100; or a physiologically-acceptable salt thereof. 187.
The corrp&’é‘Frte}”on of Claim 186 wherein Xaa, is aspartic acid, glutamc acid,

arginine,  orcRppyEsyLeXERANY bffdrlR and is a peptide which is capable of binding a metal ion;
and

L is a chemical group which connects the two P, peptides through their C-terminal amino
acids.

164. The method of Claim 163 wherein each P; contains 2-10 amino acids.

165. The method of Claim 163 wherein at least one P, is P, wherein P, is:

Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,; and

Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or ¢-hydroxymethylserine;

Xaa, is glycine, alanine, B-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or e-hydroxymethylserine; and

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan.

166. The method of Claim 165 wherein Xaa, is aspartic acid, glutamic acid, arginine, or o
hydroxymethylserine.

167. The method of Claim 165 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine.

168. The method of Claim 165 wherein Xaa, is lysine.
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188. The conposition of C aim 186 wherein Xaa, is glycine, alanine, valine,
| euci ne, isoleucine, threonine, serine, asparagine, nethionine, histidine
or a- hydr oxymeotmgisseri ne. 189. The conposition of O ai m P88ustmemseizn Xaa3 i s
| ysine. 190. The conposition of C aim 186 wherein Xaa, is aspartic acid,
glutamc acid, arginine, or a-hydroxy hyl serine, Xaa2 is glycine,

al anine, valin l.euci ne,, i.spleuci ne, .threoni ne, serine . asparagine,

met hi oni ne, hi 359 1 @%P‘iaﬁg‘a? g%@ﬁ%@?% fsiaﬁ%?fma%‘fli{ gytekniq acidy %‘Pﬁ‘& T,

The Comosﬁyﬁf&?rn&flylgﬁﬁé,n)(i@?% WiRIne Manfdd,valife, aGRale! iiscleasihd] theodhd)tsafihe; aci d
and Xaa2 is alanine, glycine, valine, threonine, serine, or

a- hydr oxy mspaigaineemefhioninegisstidmecor ediypwsrmsthvisesne. @nd Xan 19%silher ei n Xaa2 is

al ani ne, threoni I Se¢i.Ne. : [EW f:Claim
192 wher oi n xaa! 0 emiod WEISIER WD gD qsraitl ool eRBERORIGLaNRYis
conposi t i catandfe, gyanavalBe, thizeniee,semme] o «Ohyllxyinethylsgrinel | [ 11 11111

11111111111 WO.01/.25265 P us 26952 72 195. The . b L i
194 wher ei n n 114 00808 G BSRRE o B SO 08 el o

197. The conpositon of C aim 186 wherein P, conprises a netal -binding
i ses one of the

sequence. 198. The conposition of C aim 197 wherein P, npri
foll owi ng sequéktethe methedof\Ciaimdd3 wWaprsinygian, isespastic ?Wg%ﬁ?)c}?ﬁa'l—ﬁsé‘a%&%, Xaa, i
(Xaad) m Xaa5 Xags, tlenekAds Cidim 163564 N8R ontAnind hdd of'H) 81181 Ha@AlRnihe an

am no acid having a free side-chain -NH2 and mis 0-5. 199." The
conposi ti oradranghegid. 198 wherein Xaa5 is Orn or Lys. 200. The conposition

of Caim 186 2@%{.91-*}1@ n@hoh%f@fa%?ﬁ %reﬁﬁl o@ﬁéeﬁ?xjxﬁﬁic ?ogl glﬂ%tg%rgﬁﬁl iH@'cﬂe

3-alanine is am no aci d. e conposition o ereln Xaa,
is a D amDemaoiadids.Hi s is a D-anmino acid, or both Xaa, and H's are D am no

o o8 202 TS EORRSRUAIAD Bl R AR go! (e e no acido of
200 wherein at 17&asik nfefftd of Claiies 18 vherciaai letst @ik afhoacid obP, isgubsttutedwills (2) 204.
-al_-:] g (E)(_) Wg(r)nsalr%l)gg‘fegéhg in%lrergseszhle l},;@@;eﬁgiﬁcl:it?r o?%he lpgpatli%g w?t g/gtogltext'ubgethg égiipt}g ofaPC3 Itodging tP
metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without altering the
ability of P, to bind metal ions, or (¢) a substituent which is a non-peptide, metal-binding functional
group that improves the ability of the peptide to bind metal ions.
177. The method of Claim 163 wherein P, comprises an amino acid sequence which is
substituted with a non-peptide, metal-binding functional group to provide the metal-binding
capability of P,.
178. The method of Claim 163 wherein L is neutral.
179. The method of Claim 163 wherein L is a straight-chain or branched-chain alkane or
alkene residue containing from 1-18 carbon atorns.
180. The method of Claim 179 wherein L contains 2-8 carbon atoms.
181. The method of Claim 163 wherein L is a cyclic alkane residue containing from 2-8
carbon atoms.
182. The method of Claim 181 wherein L contains 3-5 carbon atoms.
183. The method of Claim 163 wherein L is a nitrogen-containing heterocyclic alkane
residue.
184. The method of Claim 183 wherein L is a piperazide.
185. The method of Claim 163 wherein L is a glyceryl ester.

) 0RO



205. The conposition of Caim 202 wherein at |east 50% of the am no acids
of P2 are Oggi(SQO acids. 206. The conposition of any gne of Clainms 186-205
wherei n at'] 843 one anino acid of P, is substituted WT{%"({%@SZa
substituent that increases the lipophificity of the peptide w thout
altering the ability of P, to bind netal ions, (b) a substituent that
protects the pHst iAdkhafmiaotntipal 0bedsitioh CorfptisiHgRPhantiatduattlly-atdepiable gartirandbi 1 i ty
of P, to bind nmetal io S (c) a substituent which is a non-peptide,

net al - bi naipf“%‘dfnﬁﬁ"d‘ﬁ%ﬁgq YPoup that increases the ability of the peptide to
bind netal ions. 207. The conpositiorpofp,d ai m 206 wherein P, has one of
the followng formulas: [1LILIDT 112 11l 11212 11 111 WO 01/ 25265

PCT/ US00/ #68%%° 73 Rl CH2OORH CHOORH H2N-CH H2N-CH Co CONH NH | R - CH
H3C-CH CO Co WiNH N NH -H2CG-CH <)-H2C-CH H COON N H COON CH2CO2H
CH2CO2H H2N- (R3)2N-CH CO CO NH NH H3C-CH H3CG-CH CO CO N NH N NH |
H2C-CH N ~H2C- C H¥3aCS2H|$ @OON R1 CH2COR2H  CHCO2H H2N- CH

Xaa, Xaa, His Xaa,,

P, is (Xaa,),;

Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

Xaa, is glycine, alanine, $-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan;

Xaa, is any amino acid; and

n is 0-100;
or a physiologically-acceptable salt thereof.

187. The composition of Claim 186 wherein Xaa, is aspartic acid, glutamic acid, arginine,
or a-hydroxymethylserine.

188. The composition of Claim 186 wherein Xaa, is glycine, alanine, valine, leucine,
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine.

189. The composition of Claim 186 wherein Xaa, is lysine.

190. The composition of Claim 186 wherein Xaa, is aspartic acid, glutamic acid, arginine,
or a-hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or e-hydroxymethylserine, and Xaa, is lysine.

191. The composition of Claim 190 wherein Xaa, is aspartic acid or glutamic acid and Xaa,
is alanine, glycine, valine, threonine, serine, or «-hydroxymethylserine.

192.  The composition of Claim 191 wherein Xaa, is alanine, threonine or o-
hydroxymethylserine.

193. The composition of Claim 192 wherein Xaa, is aspartic acid and Xaa, is alanine.

194. The composition of Claim 186 wherein n is 0-10.
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"2NCHIl Co COI | NH ~NHI R-CH H3GHI Co CO~ QH2ZNHNH C CH
-H2ZGCCHHCOHCO NHN HCH(CH2)4NH2 CH (CH2) 4NH2 CO2H CO2H This

Shect Has BeemBegkaced |1 11111111 (1011 [1i 1111 11111Pérasdbiosh! | 111!11
L M'S WD 01/ 25265 PCT/ US00/ 26952 74 CH2CORH H2N-CH CH2CORH CO ( R3) 2N- CH
Co NI | NH H3GCHH3CGCHO @ NNHNiH CT)--HCCH ~ H2GCH H CO H
co' NHNH | | CH (CH2)4NH2 CH (CH2) 4N(R3)2 COR2 Co2H wherei n:

195. The composition of Claims 194 wherein n is 0-5.

196. The composition of Claim 195 wherein n is 0.

197. The compositon of Claim 186 wherein P, comprises a metal-binding sequence.

198. The composition of Claim 197 wherein P, comprises one of the following sequences:

(Xaa,),, Xaa, His Xaa, Xaa,,
(Xaa,), His Xaa, Xaa,,
(Kaa,),, Xaa; Xaa, His Xaa,, or
(Xaa,), Xaa; Xaa, His,
wherein Xaa; is an amino acid having a free side-chain -NH, and m 1s 0-5.

199. The composition of Claim 198 wherein Xaa, is Om or Lys.

200. The composition of Claim 186 wherein at least one of the amino acids of P, other than
B-alanine is a D-amino acid.

201. The composition of Claim 200 wherein Xaa, is a D-amino acid, His is a D-amino acid,
or both Xaa, and His are D-amino acids..

202 The composition of Claim 201 wherein all of the amino acids of P, other than f§-alanine
are D-amino acids.

203. The composition of Claim 200 wherein at least 50% of the amino acids of P, are D-
amino acids.

204. The composition of Claim 201 wherein at least 50% of the amino acids of P, are D-
amino acids.

205. The composition of Claim 202 wherein at least 50% of the amino acids of P, are D-
amino acids.

206. The composition of any one of Claims 186-205 wherein at least one amino acid of P,
is substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that increases the ability of the peptide to bind metal ions.

207. The composition of Claim 206 wherein P, has one of the following formulas:
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R, is an alkyl, aryl, or heteroaryl; R is -NH2, -NHR, N(RI)2, -OR, or
R ; and R3 is H a non-peptide, netal -binding functional group or the two
R3 groups WOBEAEr form a non-peptide, metal-binding fBEEUSMAEAS2 gr oup.

208. The conposition of any one of O aihns 186-205 wherein at |east one
amno acid of P2 is substituted with ea) a substituent that increases the
| i pophilicity of the peptide without altering the ability of P, to bind
metal ions, (b) a substigpent that protects the peptldqnjkgphproteolytlc
enzymes mnthout alterlng\ Fblllty of P, to bind netpl2idns, or (c) a
substituent which is a noq pep met al - bi ndi ng H Honal group that
increases the ability HpN-Chie peptide to bind netal ionsgg209. The
conposition of C aim 207 erein at | east one amno acifd of P2 is
substituted with (a) a sybstituent that increases the Hpophilicity of the
peptide without altering Nee ability of P, to bindgnet ions, (b) a
substituent that protectslthe pepti de fron1proteo|yt|c Enzymes w t hout
altering the ability H¥t—BH to bind netal ions, or (c) ?psubstltuent whi ch
is a non-peptide, netal - btﬁﬁing functional roup that | ncreases the
ability of the peptide to|bi nd metal ions 21 A kit cdifprising a container

hol ding a pepti aving Nie fornmula: P, - eHCH P, is: Xaa, Xaa2
H's: or This Sh%ﬁg &@ﬁ(f Repl aced 111111111 1111111%%&3%111
111111111 1J111 Rk 1 1 WD 01/ 25265 PCT/ US00/ 269 5 Xaa, Xaa, Hs
Xaa3; P2 is (Xaa Xaa, GOOHl yci ne, al anine, valine, |eucine, isoleucine,
serine, threonine, aspartlc acid, asparagine, glutamc acid, glutam ne,

| ysi ne, hydroxyl ysi ne, histidine, ar gi ni ne, ornithine, henvl al ani ne,
tyrosine, tryptophan, cy&tCReH nethionine, or a-hydroxyﬁﬁﬁﬁﬁﬁberine; Xaa2
is glycine, aIanine,F%N- Hni ne, valine, |eucine, k 4nu@mne, serine,

t hreoni ne, aspartic a€id,| asparagine, glutamc acid, glutamne, |ysine,
hydr oxyl ysi ne, histidi neCQrginine, ornithine, phenylal'ddine, tyrosine,
trypt ophan, cystei ne, neﬂp'onine, or a- hydroxynet hyl seripjg; Xaa3 is

gl yci ne, alanine, valine, |ysine, arginine, ornlthlne abpartic acid,
glutam c acid, aspdﬁﬁ@rﬁéi gl utam ne or tryptophan 3 dﬁ*ls any am no

acid; and n is 0-100; CO CO
Qj—HZC—CH 4 B‘HZC_CH
COR2 COOH
Ry CH,CO,H
GHCOzH HzN—éH
- |
e fo
l NH
NH |
| R—CH
Hac-—?H |
f° L
: D
(:_:&—HzC—-?H R
H ?o H ?o
TH TH
(lJH—(CH2)4NH2 ?H-(CH2)4NH2
COzH COzH
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or a physiol ogically-acceptable salt thereof. 211. The kit of C aim 210
wherein Xaa, is aspartic acid, glutamc acid, arginine, or a-

hydr oxynet hiMosBRsae. 212. The kit of C aim 210 wherei n PEEDSIPRSIH yci ne,

al ani ne, valine, leucine, isoleucine, thyeonine, serine, asparagine,

met hi oni ne, histidine or a-hydroxynethylserine. 213. The kit of Caim 210
wherein Xaa3 is lysine. 214. The kit of Claim 210 wherein Xaa, is aspartic
acid, glutamc acid, argi%h 4or a- hydr oxynet hyl serine, Xaa2 is gl ycine,
al ani ne, valine, |eucine, |i $0f%euci ne, threonine, serine c gparagine,

met hi oni ne, hi stidi ne 8N-gHhydr oxynet hyl serine, and Xaap*¢ |ysine. 215.
The kit of Caim214 whe;gzn Xaa, is aspartic acid ®=Ngffutanic acid and
Xaa2 is alanine, glycine,) valine, threonine, serine, oo

a- hydr oxymnet hyl seri ne. 21§ﬁ The kit of Cdaim215 mhereih4Xaa2 i s al ani ne,

t hreoni ne or a-hydroxy#etioyl serine. 217. The kit of O Bjm 216 wherein Xaa,
is aspartic acid and Xaazébs al anine. 218. The kit & im210 wherein n
is 0-10. 219. The kit of |Cains 218 wherein n is 0-5. $®220. The kit of

Cl ai m 219 wherei nNmis 0. N#21. The kit of C ai m,210 mhqhgin P2 conprises a
met al - bi ndi ng squgahahCZéa. The kit of Clainligl mhq;g&p P2 conprises one
o

of the follow ng s8quenced; (Xaad4), Xaa3 H's %éas;,(Xaa4),. H s Xaa2
Xaa,, (Xaa4d)," Xa¥, Xaa,?ﬁis Xaa3, or II1LIIIL THITII \ﬁFQI Vitl 111 * C
L MS WD 01/ 25265 PCT/ USO®H26952 76 (Xaad).., Xaas Xaai Hi s, wherein Xaab
is an amno acid having achtes,akgde-chain -NH2 and ”1i&5Qmﬁmnm% 3. The kit
of daim222 wherein Xaa5lis Gn or Lys. 224. The kit (%Ogjalnl 10 wherein
at | east one of the amino“3Bds of P, other than i-alanife is a D anino
acid. 225. The kit of Caim 224 wherein Xaa, is a Damno acid, Hs is a
D-am no aci Gpe@ln: both Xaa, and H's are D-amno acids.. 226 The kit of

C aim 225 wherein all of the am no acids of P, other than fi-alanine are D
am no aci ds. 227R iypealkiliardforbptafosry224 wherein at | east 50% of the amino

acids of P2 are RO et 9SeR,), -OR,, orR,; and

R; is H, a non-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, metal-binding functional group.

208. The composition of any one of Claims 186-205 wherein at least one amino acid of P,
is substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or {c) a substituent which is a non-peptide,
metal-binding functional group that increases the ability of the peptide to bind metal ions.

209. The composition of Claim 207 wherein at least one amino acid of P, is substituted with
(a) a substituent that increases the lipophilicity of the peptide without altering the ability of P, to
bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without altering
the ability of P, to bind metal ions, or {c) a substituent which is a non-peptide, metal-binding
functional group that increases the ability of the peptide to bind metal ions

210. A kit comprising a container holding a peptide having the formula:

P,-P,
wherein:

P, is:

Xaa, Xaa, His: or
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228. The kit of Caim 225 wherein at | east 50% of the am no acids of P2 are
D-amino acids. 229. The kit of Caim 226 wherein at |east 50% of the am no
aci ds of MVOY282@- ami no acids. 230. The kit of any onePGFUSIA¢%E 210- 229
wherein at |east one amno acid of P, jss substituted with (a) a substituent
that increases the I | pophilicity of thée peptide without altering the
ability of P, to ki ﬁeh?sl |ons (b) a substituent that protects the

pepti de from protegfl‘yt enzyﬁes wi thout altering the ability of P, to

bi nd net al |d?3$s(Xaaa),,¢c) a substituent which is a non-peptide,

met al - bi ndi ng,, f unct | onal oup that increases.the ability. of the peptide to
b nd ot al | O 8oy ARG YRlnes lpetics S8 R r T, THERDingY aSPRRIc e

foIIOWIn fu@ﬂb" Stamit @kl fakl H xhl%NrﬁZde N
(o1 ot nahQpl okt CHROThm OV Bn 11y HRNIGHAEES A e,
Thi s Sheehenﬂa@nlswﬁomwe@ahqn, QYSIEIE, m@@&*yg,ﬂf1waoxmmwwzagsz vxo

01/25265 77 ﬂi%?@%tingak%ﬁﬂ?@ IB-atdrft) At Hducible Nofelibifi® sdrivle, tf¥bnbe), asartic R CH

H3CG-C H Co
asparagme glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ormithine,

phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan;

Xaa, 1s any amino acid; and

nis 0-100;
or a physiologically-acceptable salt thereof.

211. The kit of Claim 210 wherein Xaa, is aspartic acid, glutamic acid, arginine, or a-
hydroxymethylserine.

212. The kit of Claim 210 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine.

213. The kit of Claim 210 wherein Xaa, is lysine.

214. The kit of Claim 210 wherein Xaa, is aspartic acid, glutamic acid, arginine, or «-
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa, is lysine.

215. Thekitof Claim 214 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is alanine,
glycine, valine, threonine, serine, or ¢-hydroxymethylserine.

216. The kit of Claim 215 wherein Xaa, is alanine, threonine or e-hydroxymethylserine.

217. The kit of Claim 216 wherein Xaa, is aspartic acid and Xaa, is alanine.

218. The kit of Claim 210 wherein n is 0-10.

219. The kit of Claims 218 wherein n is 0-5.

220. The kit of Claim 219 wherein n is 0.

221. The kit of Claim 210 wherein P, comprises a metal-binding sequence.

222. The kit of Claim 221 wherein P, comprises one of the following sequences: (Xaa,),,

Xaa, His Xaa, Xaa,,
(Xaa,),, His Xaa, Xaa,,
(Xaa,),, Xaa, Xaa, His Xaa,, or

* [ L M S *



CONH I NQH2Z NHGCH NCOOH NI HHCOR Ry CH2ZCO2H CCHCO2H HZN- CH
H2ZNCH Co CONH NHR -CH H3 G CHCO/ NH NH\---H2GCH //N _ N
\~HZC CH N @®@ 01356 NH H H NH CH (CH2)4NH2 C | H (CH2) #RHs@De#d2 CO2H
Thi s Sheet Has Been Replaced 111111111211211111211212111211 12111121 11!11!

11111 1111

1111 M'S ,e WO 01/ 25265 BT/ USOQ 26952 78 CH2CO2H H2N-CH C

H2CO2H (K3)2N-UM Co NH.l NH

(Xaa,),, Xaa; Xaa, His,

wherein Xaa, is an amino acid having a free side-chain -NH, and m is 0-5.

223. The kit of Claim 222 wherein Xaa, is Orn or Lys.

224. Thekitof Claim 210 wherein at least one of the amino acids of P, other than B-alanine

is a D-amino acid.

225. The kit of Claim 224 wherein Xaa, is a D-amino acid, His is 2 D-amino acid, or both

Xaa, and His are D-amino acids..

226 The kit of Claim 225 wherein all of the amino acids of P, other than B-alanine are D-

amino acids.

227. The kit of Claim 224 wherein at least 50% of the amino acids of P, are D-amino acids.
228. The kit of Claim 225 wherein at least 50% of the amino acids of P, are D-amino acids.
229. The kit of Claim 226 wherein at least 50% of the amino acids of P, are D-amino acids.

230. The kit of any one of Claims 210-229 wherein at least one amino acid of P, is

substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes

without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,

metal-binding functional group that increases the ability of the peptide to bind metal ions.

231. The kit of Claim 230 wherein P, has one of the following formulas:

RQ ?chozH
HaN~-CH &o
?O &H
|
?H er?H
H3C--(!‘,H co
|
co N NH
| |
N ?H [\ EﬁC-—?H
[;;:S-+&C——?H E COOH
H COOH
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H3C COH3CG-CH | NHN) NNHC-HCCHHCCH Ho COHC NHNHI

CH (CH2) 4ANH2 CH- (CH2)4N(R3)2 COR2 Co2H wherein: Rpdrfusavheszkyl, aryl, or
het ercoakgd gi2B85i s -NH21 -NHR,, N(R )2, -OR,, or R; and R3is H a

non- pepti de, netal -binding functionakygroup or the two R3 groups together
form a non-peptide, netal -binding functional group. 232. The kit of any
one of C ains 210-229 wherein at | east one amno acid of P2 is substituted
with (a) a substituent tkll_ia i [cr eases the i pophilicitgHelOsthe pepti de

wi thout altering the at‘{‘i Z#RZ of P, to bind netal io&n_s_ (b) a substituent
that protects the pgpjN-ds4from proteol ytic enzyma@f*)2 'ﬂ:ﬁ‘out altering the
ability of P, to bind netal ions, or (c) a substituent C@hich is a

non- pepti de, metal-bind¥®g functional group that incr es the ability of

the peptide to bind netayqions. 233. The kit of Claim wherein at | east
one amno acid of P2 is bubstituted with (a) a sulkgt+iQent that increases
the |ipophilicity oH:fheCllepti de without altering the "Iity of P, to bind

metal ions, (b) a substiggent that protects the peptidel rom proteol ytic
enzynmes without altering|the ability of P, 0] ind nmetpgh ions, or (c) a
substituent why IS a nyNR-peptide, netal-bi ngLn funct(["gnal group that
i ncreases the /abi i'f%zofl he peptide to bind HeGnst234. A
phar maceut i cal\g¢ CtT& conprising a pharmageuti cal | go@eicept abl e carrier
and a netal - bi rﬁji ng peptiokg having attached thereto a non-peptide,
met al - bi ndi ng functional group. 235. The conposition of C aim 234 wherein
the peptide contains from2-10 am no acids. 236. The conposition of Claim
235 wherein the peptide contains from3-5 am no aci dscgu,cbiis Sheet Has Been
Repl aced WD 01/ 2526%¢PCT/ USOQ/ 26952 79 237. The C‘erp_gai tion of C aim 234,
235, or 236 wherein t¢€Chi no acids of the peptide rco D-am no aci ds.

N

H2N—(‘:H
© .
H3C_‘?H ?0
N N N
! W (Ao
H,C—CH N
N i ¢o H °
" h "
N
] CH-(CH2)4NH2
CH-(CH2)aNH2 o :‘
CO.H COz
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238. A kit conprising a container holding a netal-bindi ng peptide having
attached thereto a non-peptide, netal-binding functional group. 239. The
kit of C ai WRB&5¥ierein the peptide contains from 2-10 &FfrAsasdds. 240.
The kit of Caim239 wherein the peptide contains from 3-5 am no aci ds.
241. The kit of Caim23 8, 239 or 240 erein the am no acids of the
peptide are D-am no acids. 242. A conposition conprising a netal -binding
peptide dinmer of the formula: P3-L-P3, wherein: each P3 may be the sane
or different and is a peﬁﬁﬁ@%”mhich is capable of binding a netal ion; and
L is a chem cal groupywhtgh connects the two P3 peptid?&ﬁpﬁkough their
C-termnal amno aci s.l%43. The conposition of Crainecid42 wherein each P3
contains 2-10 am no acid%. 244, The conposition of d apm 242 wherein at

| east one P3 is P,, wherBHn P, is: Xaa, Xaa" Hs: or Xaa, Xaa2 H s Xaa3;
and Xaa, is glycine, ,alapine, valine, leucine, isoleuclfie, serine,
threoni ne, aspartic acid} asparagine, glutam c acitit—@gHut am ne, | ysine,
hydr oxyl ysi ne, histidine§®arginine, ornithine, phenylghanine, tyrosine,
tryptophan, cystgine, meghionine, or a- hydr oxynet hyl seifi ne; Xaa2 is
glycine, alaning, P-alanine, valine, |eucine, iNso|eucil®, serine,

t hr eoni ne, aspaklt jc—H&GWCH aspar agi ne, glutanié\ Fgc—ghut ami ne, |ysine,
hydr oxyl ysi ne, hiistidi negcoarginine, ornithine, Nphenyl ghanine, tyrosine,
trypt ophan, cysteine, neghionine, or a-hydroxynethyl sedlne; and Xaa3 is

gl yci ne, alanine, valine; |ysine, arginine, ornithine, jaspartic acid,

gl utam c acid, asparagi?éﬂC@&Mﬂanine or tryptophan. ZQBﬁC%hMRﬁmnposition
of O aim 244 wherein Xaagoks aspartic acid, glutamc aceg, arginine, or
a- hydr oxymet hyl seri ne. 246.” The conposition of C aim 244 wherein Xaa2 is
gl ycine, al anine, valine, |eucine, isoleucine, threonine, serine,

aspar agi neyhengit:hi oni ne, hi stidine or a-hydroxynethyl serine. 247. The
conposi tion of _C aim 244 erein Xxaa3 is lysine. 1111111 12111211 11L10LE T1LT
Il 111l MS W£@0fﬁﬂg%€§mﬁ’ F $952 80 248. The conposition of Caim

244 wherei n Xag, isi-NHQSHAR, | 1(RQG,-0R,, @k Rl;@Ra ¢ acid, arginine,

R, is H, a non-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, metal-binding functional group.

232. The kit of any one of Claims 210-229 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that increases the ability of the peptide to bind metal ions.

233. The kit of Claim 231 wherein at least one amino acid of P, is substituted with (a) a
substituent that increases the lipophilicity of the peptide without altering the ability of P, to bind
metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without altering the
ability of P, to bind metal ions, or (¢) a substituent which is a non-peptide, metal-binding functional
group that increases the ability of the peptide to bind metal ions

234. A pharmaceutical composition comprising a pharmaceutically-acceptable carrier and
a metal-binding peptide having attached thereto a non-peptide, metal-binding functional group.

235. The composition of Claim 234 wherein the peptide contains from 2-10 amino acids.

236. The composition of Claim 235 wherein the peptide contains from 3-5 amino acids.
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or a.-hydroxynethyl serine, Xaa, is glycine, alanine, valine, |eucine,

i sol euci ne, threagnine, serine, asparagine, nethionine, histidine or

a- hydr oxyMR #1%Sri ne, and Xaa3 is |ysine. 249. The conﬁ%@’ﬁ‘\“’&??%f Caim
248 wherein Xaa, is aspartic acid or glutam c acid and Xaa2 is al anine,
gl yci ne, vaIine t hreoni ne, serine, or a-hydroxynethylserine. 250. The
composi ti on of370r dpA3auEHCalifh 26833512 234 AR elRARING B péiia

hydr oxymet hyl serl ne. 1 he lcorrpom tion of A alem 1 50 wherel Ir)lé’i’ 1a?'slaml S
asparti cDzamiinb 2omd$. Xaa, | s aI anine. 252. The corrp03| tion of C aim 244
wherein at | t am.no ac ot he D- am no
ncid. 253, THYpcePprRe Bforfaid hoivds iRl PRt PRI ket or O,
ot her t hanonlgepéilig fiepd-binding flattiand! goupci ds. 254. The conposition of Caim

244 wherein both P3 peptides are P,. 255. The conposjtjion of . aims 242
wherein at | et TgﬁE‘? PiAn 238 Whegein Bre peptide poaiping ?) E@-@d TR0 Acidls.

substituent thgt ThOkk 6ACRHN Qﬁewhéraﬁﬂl}' Peptidelbnt@@fns FoM 1S RhindQciak t hOUt
altering the ability of P3 bind netal ions, (b) a substituent that

protects the 39dpThelet ¢frfdwq&3§t2éa|oyﬂ4%wmymgmqaﬁ@apf the peptideigre Drgipingbi [ty
of P3 to%isnd metal ions, or (c) a substituent which is a non-peptide,

met al - bi ndi hg functional group that inproves the ability of the peptide to
bind netal ions. 256. The conposition of C aim 242 wherein P3 conprises an

amno acid s e i.ch is substit met al - bi ndi ng
functional o dp AGmiPR Pt Ringa gl B AU RS 257 The
conposi tion of CI #, L2882 wherein L is neutral. 258. The conposition of
Claim 244 wherein L is a straight-chain or branched-chain al kane or al kene
resi due ¥BFIESi ning from 1-18 carbon atoms. 259. The conposition of daim
258 wherein Leaemtn@dyrﬁst}@sﬁn&&amna&fampegé&wﬁaﬁs@%mesmmﬁgmetﬂlﬁi m 244
wherein Lisa cyclic alkane residue containing fro carbon atons. 261.
The corrp@!ﬁ tion of Claim260 wherein L contains 3-5 carbon atons. 262. The
conposi tion AL [ lic

al kane resi gilsg ojcgl%%e cor}ggg}nﬁ%%hgpm Cf g&%ﬁi} gﬁ) ert%l{\@ﬁ}glg%%ﬁeﬁgam de.
264. Theaddsaposition of Claim 244 wherein L is a glyceryl ester. 265. A kit

Formul ot 1ara 104 foa o pfeta 754 Dbt R0 558t 520 BBty 26052

244. The composition of Claim 242 wherein at least one P, is P, wherein P, is:

Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,; and

Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

Xaa, is glycine, alanine, $-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; and

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan.

245. The composition of Claim 244 wherein Xaa, is aspartic acid, glutamic acid, arginine,
or a-hydroxymethylserine.

246. The composition of Claim 244 wherein Xaa, is glycine, alanine, valine, leucine,
isoleucine, threonine, serine, asparagine, methionine, histidine or ¢-hydroxymethylserine.

247. The composition of Claim 244 wherein Xaa, is lysine.
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81 P3 - L - P31 wherein: each P3 may be the sane or different and is a
peptide which is capable of binding a netal ion; and L is a chem cal group
whi ch connes¥&owisesst wo P3 peptides through their Cterm rratr/usmi/ages2 aci ds.
266. The kit of Claim 265 wherein each P3 contains 2-10 am no acids. 267.
The kit of O aim265 wherein at least o#8 P3 is P,. wherein P, is: Xaa,
Xaa2 His: or Xaa, Xaa2 H's Xaa3; and Xaa, is glycine, alanine, valine,

| euci ne, i sol eutd8ndhe eammopition efi{fleisridA svhergingtaat is aspagicgcid. edpmicagidmeginine,
glutamc_agh &y B MRrind, Xab1€el,OHE LAKKEX L 1eullhe tofulife, BEMHY Bine,
orni t hi ne, hgny al ari ne, tyr‘os%%e, tryptophan, cysteilne, nethionlne, or
a- hydr oxy metpaszkisemhatisipnidg h3tidise g orbydnexyamiialsenve, and-Xebainiysee. val i ne,

| euci ne, isol eugj,n serine, threoni aspartic_acid aspar.agi ne

ol utam e aod. - PTbHEREON AL AR e ins e AR i dHn om

or ni t hi ne, is adagRysiadiad)vilRe, thb6ifd, B&inel drPlydRikgmethgy@inei ne, met hi oni ne, or
a- hydroxynet hyl serine; and Xaa3 is gl ycine, alanine, valine, |ysine,

argi ni ne, onit MWe, ThEprmpositianof Claim, 124/ wheaeip ¢Xa2, 4§ PRy FBeOYIL CARne or
trypt ophany d?—@ﬁrm Skt of Caim267 wherein Xaa, is aspartic acid,
glutam c ac}(d, areg{}nf:nee, or a- hydroxynethylserine. 269. The kit of Caim
267 wher ei n Xaa?li $hgkgopasision af &hiim &0 whbreine Xad, duasparsc a¢id ehded, iredlanine.

t hr eoni ne, serifg, -~asparagine, t hioni ne. . hi st di . N

a- hydr oxynet hyl S2; TR Cometsitiog of Clatm 288 wibrein b ety S Emiab acig of 2, otper than Be
271. The Kkhulknioé isGramind@didwherein Xaa, is aspartic acid, glutam c acid,

argi nine, or a-_hydroxynethyl LN aa, | | yci ne,..al ani ne,. valine,

| euci ne, i sol eu’cégn'g}?ecf’ﬁﬂp% “ﬁg,g{ag’é%%‘é}em @%ﬁ&ﬁéﬁ“ﬁ’&mﬂﬁﬁﬁtﬁ?ﬂ}@f‘%ﬁ@ﬁedi ne
or a- hydr ox¢meihwbaggad.ne, and Xaa3 is lysine. 272. The kit of Caim 271
wherein Xaa, is aspartic acid or glutamic acid and Xaa2 is al ani ne,

gl ycine, val i ne?54 Hheenmaeeitionef Clam 24y wherely both RyaeREdfy PSni ne. 273. The kit
S OB 12 I BRAR PRI ARG Bt
al ani ne. 2@ a satstituitithad nc@hses the 2ipTphiinity of the geptide swithous redtering the abiiiyd{ Bf top,
ﬁ[ Ih? r l\/][ ga n b{ng h}%{aﬁ%gj 8)) 5 ssubgitl%m t%gii p?o(%ec%s%éj pep&&e]fgi)]mlp]fot%&}t}c]é%zgnkéslvxlithktlxtlaitérinlgl
the ability of P, to bind metal ions, or {c) a substituent which is a non-peptide, metal-binding
functional group that improves the ability of the peptide to bind metal ions.
256. The compesition of Claim 242 wherein P, comprises an amino acid sequence which is
substituted with a non-peptide, metal-binding functional group to provide the metal-binding
capability of P,.
257. The composition of Claim 242 wherein L is neutral.
258. The composition of Claim 244 wherein L is a straight-chain or branched-chain alkane
or alkene residue containing from 1-18 carbon atoms.
259. The composition of Claim 258 wherein L contains 2-8 carbon atoms.
260. The composition of Claim 244 wherein L isa cyclic alkane residue containing from 2-8
carbon atoms.
261. The composition of Claim 260 wherein L contains 3-5 carbon atoms.
262. The composition of Claim 244 wherein L is a nitrogen-containing heterocyclic alkane
residue.
263. The composition of Claim 262 wherein L is a piperazide.
264. The composition of Claim 244 wherein L is a glyceryl ester.
2635. A kit comprising a container holding a metal-binding peptide dimer of the formula:

Wy



WO 01/ 25265 PCT/ USOQO 26952 82 276. The kit of C aim 275 wherein all ofthe
am no acids of P, other than P-alanine are DD am no acids. 277. The kit of
d ai m 267 WA both P3 peptides are P,. 278. The kit POV 265
wherein at | east one am no acid of P3gis substituted with (a) a

substituent that increases the |ipophilicity of the peptide without
altering the abllptyLoﬁ P3 to bind netal ions, (b) a substituent that
protects the pepti de fr'om proteol yti c enzynes wi t hout al teri ng the ability
of P3 toviseig metal ions, or (c) a substituent which is a non-peptide,

met al - bi ndi n r , tide to
bi nd net al |%ﬁ£hqﬂ%ggg@%%m%°? Eﬁg% fe dkﬁ%g@Yom}ﬁ%ﬁ%&%&é&%mﬂ tgg{% ztia?:%glfn no
acid seqmdnce which is substituted vvlth a non-peptide, netal-binding

functional grou rovi de .t nmet bi n [ biljty. 280. The
it of O i oE8 chiapee Sk notbeR bR, DR frough e S eimae Aes oi n L
is a straidght -chain or branched-chain al kane or al kene residue containing
from1-18 carbon atons. 282. The kit of Caim281 wherein L contains 2-8
carbon at ons 260.gEhe kihef Glaim 25 whergimeash B; sontaingi n1Q amigo geidsy ¢l i ¢ al kane

r esi due cont aisai g fif S 1P AR o Helllhe 2R, WiRRikplisOf Ol aim 263
wherein L contains 3-5 carbon atons. The Kit of daim265 wherein L is
a ni trogen-cont ai Keagldagilisrercycli c al kane residue. 286. The kit of Claim
285 wherein L is ifa%rﬁ%l 18.. .2 287. The kit of Claim265 wherein L is a

gl yceryl ester. pep P98 havi ng the formula: P, - P21 wherein: P,
Is: Xaa, XaaZXahj s glycine,Xaanine{aalnd:i lsuckraKoleublde, ripKathrbpnine, Xapartic sicgl yci ne,

al ani ne, vali.ne, .l eucine, isoleucine, s t hr i,.ne, artic,_ acid,
spar ag| HHEING: AL Y, SR Wate, GEpR st PERYRS s kRBER oot e

ar gi ni nepheRylalhdihd, lﬂﬁosmd;)hﬁbw kb aybtBigle, rhe(hiOSihél @r utH’yﬂfbkﬁﬁé'tﬂflsenﬁb‘St ei ne,

nmet hi oni ne, Qr a-hydroxynethyl serineg; Xaa2 is, glycine, alanine, (3-alanine,

val i ne, | euci*?sglkinesplanipe B-alasievaling, lepeing isqleucibe sesine threonine gsparticasids aqi ne,

gl ut ar ni Goaghith ShihfTa88; glut@hing. 1yRHdr Ryarb$isie; hldtidht, dhpRinedlobhithike
ornithine, phenylalanine, tyrosine, tryptophan, cysteine, nethionine, or

a- hydr OW #oning tyresine, tryptophan, cysteine, methionine, or e-hydroxymethylserine; and

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,

asparagine, glutamine or tryptophan.

268. The kit of Claim 267 wherein Xaa, is aspartic acid, glutamic acid, arginine, or a-
hydroxymethylserine.

269. The kit of Claim 267 wherein Xaz, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine.

270. The kit of Claim 267 wherein Xaa, is lysine.

271. The kit of Claim 267 wherein Xaa, is aspartic acid, glutamic acid, arginine, or -
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa, is lysine.

272. Thekit of Claim 271 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is alanine,
glycine, valine, threonine, serine, or a-hydroxymethylserine.

273. The kit of Claim 272 wherein Xaa, is alanine, threonine or «-hydroxymethylserine.

274. The kit of Claim 273 wherein Xaa, is aspartic acid and Xaa, is alanine.

275. The kit of Claim 267 wherein at least one amino acid of P, other than 3-alanine is a D-

amino acid.
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I ULlllj) 111121121121121211112111 WO 01/ 25265 PCTI USOQ 26952 83 Xaa3 is

gl ycine, alanine, valine, lysine, arginine. ornithine, aspartic acid,

gl ut am ¢ acMf 81/28%par agi ne, gl utam ne or tryptophan; XaaRCTAS#YIAM no
acid; nis 0-100; and at |east one am acid of P, is a Damno acid; or
a physi ol ogi cal | y-accept abI e salt thereof. 289. The peptide of C aim 288

wherein Xaa, iS5 gs&artl gv %{f{ﬂgg 'ft%%if%ino g%oqangtherq}’l -alanine are

hydr oxynet hyl sérine. wherein Xaa, I's gP§/ci ne,
al ani ne, vahindexids eum ne i sol euci ne, threoni ne serine, asparagine,

met hi oni ne, hi Stl di_ne or hydr oxynet hyl seri pe. 1. The peptide of Claim
288 wherei n Xad3’ fghqu"s‘?fr?éa‘m?@ whrgia éb‘fslpﬂlé“dﬁ? ¥ mi m 288 wherein Xaa, is

aspartic acid, 2gbUtRdliof@hifhs 285 Shditin G 1Rk ot antiXSHRKAR I bRl With §8R2 1S
gl yci ne, alanlne val ine, |eucine, isoleucine, threonine, serine,

aspar agi nest btisuent dnfj inrscast the lintiphdicity Ofahmﬂ@ﬁ(\ymmlt@@g ithecabilisyef Bxaabing s

| ysi ne. a

g?/u oo ar;rgile%ﬁgﬁb@%)édﬁgﬁue% thﬁ {fr&ggts?tggﬁ)%% £ \928%%H,tlt érgﬂx%?on{zﬂr?gz ﬁfégfr?% z‘ri]%é of
a- hydr oxy nailhy £ td el mét&l4ons,ldaé) pﬁmtsmdmt WthEEsalnml -pERBide/nenadibindigdinctisnal

al anine, thr eo ine or hydr ox |.serin 295. The peptide of O aim 294
wher ei n Xa#%UAt até’é‘B@?’?ﬁtEeé’gli“H"g‘gg ﬁﬁtcitgn‘grl’“%fﬁ b1 206. The peptide of

Cl ai m 288 wher e The kB ofLidR 265 Wikfein m%n@ﬁsgsla@ﬁm% aﬁ@ WhcAMcHbaneitied 1S
0-5. 298. The peptlde of Claim 297 wherein nis O. 9. The pepti de_of

Cl ai m 288 ¥ifet Birpepids; Bsiskbigdige Aingtianal grswmwuwm’l@ébﬁféﬁéléoln%wapqmw@é&| de
of O aim 299 wWigs etk 1K 25§q,§,(elg{él‘q%g fedeg following sequences: (Xaad4)m
aa2 Xa

Xaa3 H s Xaa, Xaab, (Xaad)m H's a,, (Xaad4)m Xaas Xaa2 H s Xaa3, or
(Xaad) m Xaa5 Xa8p 'meém ofifsire 265 Weesein L & aatraightrabieinachranchedsthain alkane exalkene

si de- chai n_-.NH2 m The peptide of C aim 300 wherein Xaab5
is On or rESIdue cgg‘ﬁglmﬁﬁﬁ%gégcaabon °“&ﬁ aim 288 wherein Xaa, is a D-amno
acid, His is alzgz. a'merkh aftﬂlaim 28t whheinfL agins@®lcarbom aane. D- ami no aci ds.

1111111 111111 2!3% | ’f‘he kit of Haxm E6§ wherem L is a cyclic alkane residue contammg from 2-8 carbon
atoms.

284. The kit of Claim 283 wherein L contains 3-5 carbon atoms.

285. The kit of Claim 265 wherein L is a nitrogen-containing heterocyclic alkane residue.

286. The kit of Claim 285 wherein L is a piperazide.

287. The kit of Claim 265 wherein L is a glyceryl ester.

288. A peptide having the formula:

Py -Pp
wherein:

P, is:

Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,;

P, is (Xaa,),;

Xas, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

Xas, is glycine, alanine, 3-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,

phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

0B O



M S WO 01/25265 PCT/ US00/ 26452 84 303 The peptide of C aim 302 wherein all
of the am no acids of P, other than 13-al anine are D-am no acids. 304. The
pepti de oPOY1Z724 288 wherein at | east 50% of the am ndAESHELR P, are
D-amino acids. 305. The peptide of C ggm 302 wherein at |east 50% of the
amno acids of P2 are D-amino acids. 306. The peptide of C aim 303 wherein

at |east 50% okaf hsegl%@‘alaﬂﬁbdv%hf?é If3ine24rBinine 8dthififne, afpafR - acéoglutaﬂmeacmept i de
of any one of C ai n® Wheréin at [east one ami no acid of P,

subst i t ut @gPataeing, E(llet}m@egumqpﬂ'l%nt that increases the |ipophilici ty of t he

pepti de wt houkaéat ;&5,%910 apg ability of P, to bind netal ions, (b) a
substituent that ‘profects the pepti de from proteolytic enzynes w thout
altering the abisi0-100; afd P, to bind netal ions, or (c) a substituent which

IS a non-pepti t 80 1 groupthat i nproves the ability
of the peptldegﬁ%as'bon%g%ﬁlé’tag fp 133%"%@1“9?%% pepti de of C aim 307 wherein P,

has one oforahhysfod‘dg[oaﬂw m.geﬁtﬂfldmaltal&reof.R CH2CO2H CHCO2H H2N- C H H2N— CH CO

CO N N R 8 TR nifte i 288 Bnbleiiken, : NohfiE L8 nBe faPulgflfel et 900 H

N | H COOH Thi & sHBgpeptideciglaim 288 Bhargin fap 1§ £PFT A i prefres on i)

LTI 1hididdymétiyisentid. | 11 [111 WO 01/ 25265 PCT/ USOQ 26952 85 CH2CO2H

CH2C2H - H2N- %O( ?ﬁg gelglii?e_c')f Claim 288 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine.

291. The peptide of Claim 288 wherein Xaa, is lysine.

292. The peptide of Claim 288 wherein Xaa, is aspartic acid, glutamic acid, arginine, or -
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa, is lysine.

293. The peptide of Claim 292 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is
alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine.

294, The peptide of Claim 293 wherein Xaa, is alanine, threonine or a-hydroxymethylserine.

295. The peptide of Claim 294 wherein Xaa, is aspartic acid and Xaa, is alanine.

296. The peptide of Claim 288 wherein n is 0-10.

297. The peptide of Claims 296 wherein n is 0-5.

298. The peptide of Claim 297 whereinn is 0.

299. The peptide of Claim 288 wherein P, comprises a metal-binding sequence.

300. The peptide of Claim 299 wherein P, comprises one of the following sequences:
(Xaa,),, Xaa, His Xaa, Xaa,,
(Xaa,),, His Xaa, Xaa,,
(Xaa,),, Xaas Xaa, His Xaa,, or
(Xaa,),, Xaa; Xaa, His,

wherein Xaa, is an amino acid having a free side-chain -NH, and m is 0-5.
301. The peptide of Claim 300 wherein Xaa, is Om or Lys.
302. The peptide of Claim 288 wherein Xaa, is a D-amino acid, His is a D-amino acid, or

both Xaa, and His are D-amino acids..
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COCO NH NHHICCHHICGCH COCo NNHNNHH-CH< ~H2GCH 2C -CH |
COR2 HCOOH R CH2CO2H CHCOZH H2N-CH H2ZNNCH Co Co | NH NH I | -CH
H3C-CH R1 | waoi@sss|O NH NH /j) H2C H C Q H2 -CH H CO #d1@GodddosyH
CH (CH2) 4NH2 CH (CH2) 4ANH2 CO2H CO2H Thi s Sheet Has Been Replaced | |
LEVTEE TErrer rrrerrr 1 11111111 101 18 1 11111111111 111111 s WO

01125265 PCT/ USOO’ 26952
3 The peptide of Claim 302 wherein all of the amino acids of P, other than $-alanine are

D-amino acids.

304. The peptide of Claim 288 wherein at least 50% of the amino acids of P, are D-amino
acids.

303. The peptide of Claim 302 wherein at least 50% of the amino acids of P, are D-amino
acids.

306. The peptide of Claim 303 wherein at least 50% of the amino acids of P, are D-amino
acids. _

307. The peptide of any one of Claims 288-306 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (¢) a substituent which is a non-peptide,
metal-binding functional group that improves the ability of the peptide to bind metal ions.

308. The peptide of Claim 307 wherein P, has one of the following formulas:

R\z ?HzcogH
?HCOZH HoN—CH
HoN—CH &o
C:?O rle
?H R1-—-(:3H
HaC—CH CQ
¢o

This Sheet Has Been Replace
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86 CH2CO2H H2N-CH CH2CO2H CO (R3)2N-CH Co NHI | NH H3G-CH Il | H3C CO
CO NIHNNH N ~H2C UN 47, CGCCHHCONco NHNH | I CH (CH2)4NH

CH- ( CH2) 4N(RBY2526SCOR2 CO2H wherein: R, is an al kyl, ar5¢T/U¥P2608% er oaryl ;
R2is -NH,, -NHR" N(R )2, -OR, or R gsand R3 is H, a non-peptide,

met al - bi ndi ng functional group or the two R3 groups together form a
non-peptide, netal-binding functional group. 309. The peptide of any one of
Cl ai ns 288-306 wherein at&zgg)gg one amno acid of P2 is l&&tkituted with
(a) a substituent that | s the lipophilicity of ttigib de wi t hout
altering the abili tyq of-0 to bind netal ions, (bJR:dM tituent that
protects the peptide rorhcgrot eolytic enzynes w thout 6eri ng the ability
of P, to bind netal |onsl (c) a substituent which is non- pept i de,

net al - bi nding functional \gyoup that inproves the abili tleef the peptide to
bind netal ions. 310. Thg peptide of O aim 308 v\/nerE| | east one am no
acid of P2 is substitiste€CHhith (a) a substituent t 3t THdr eases the

| i pophilicity of the pepI e without altering the abilitgoof P, to bind
nmetal ions, (b) a substlt ent that protects the peptide fromproteolytic
enzymes WIthOUN Iterlngl\;me ability of P, td\l d met aNHi ons, or (c) a
substi tuent ch is a ngn-peptide, netal - b| n wﬁetl qal group that

i nproves the Hzﬁ—tQté peptl de to bind rre A pepti de

havi ng t he for H

Ry ?HzCOgH
CHCO H HZN—?H
H2N—(I)H ?O
70 NH
NH |
| R1—CH
HsC—CH '
I co
|
N NH Z NH
LH C—CH
k_)—Hzc-—CH N 26—¢
H co H CI:O
IIIH I\IIH
CH~(CHz)eNH; CH—(CH2)4NH2
CO,H COH
Been Replaced
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wherein: P, is: This Sheet Has Been Replaced 11111i!111111 | CL Ms WO
01/ 25265 PCT/ US00/ 26952 87 Xaa, Xaa, His: or Xaa, Xaa, His Xaa3; P, is
(Xaad),; Xa¥doagsyFyci ne, al anine, valine, |eucine, isol ®TUAwW26%eri ne,
t hreoni ne, aspartic acid, asparagine, g%utanic acid, glutam ne, |ysine,
hydr oxyl ysi ne, histidine, arginine, ornithine, phenylalanine, tyrosine,
trypt ophan, cysteine, nethionine, or a-hydroxynethylserine; Xaa, is
gl ycine, al anine, (3-alanine, valine, |eucine, isoleucine, serine,
t hreoni ne, aspartic acid, H‘%%%aragine, glutam c acid, glutamne, |ysine,
hydr oxyl ysi ne, hIStIdHﬁBCHarglnlne orni t hi ne, phenyl% he, tyrosine,
trypt ophan, cysteine, nethioni ne, or a-hydroxynet hfgerCHne, Xaa3 is
gl ycine, alanine, valinej |lysine, arginine, ornithine,é@spartic aci d,
gl utam c acid, asparaglﬂé gl utam ne or tryptophan; X$a4 i s any am no
acid;, nis 0-100; ampge éHIeast one am no acid of P,, or both is
substltuted wth (a) a smbstltuent t hat i ncreases *hﬁECHipophiIicity of the
pepti de w t hout alterlng Phe ability of P, to bind netgb ions, (b) a
substituent th roteciﬁ t he peptide fron1proteo|yt|d enzynmes wi t hout
altering the abj y of to bind netal ionsM (c) "4 substituent which
is a non- peptld N et ﬁﬁndlng functlonal gro S-ﬁﬁproves the ability
of the peptide taibind neoal ions.; or a physiollbgical lkg- acceptabl e salt
t hereof. 312. The peptldg of O aim 311 wherein Xaa, |s|gspart|c aci d,
gl utam c acid, arglnlne jor a- hydroxynet hyl seri ne. 31§ The peptide of
G ai m 311 wherein Xaa, i §HyEhiNie, al anine, valine, | eGETE&ENRR0l euci ne,
threoni ne, serine, asparagike, nethionine, histidine ocCoH
a- hydr oxynet hyl serine. 314. The peptide of Caim 311 wherein Xaa3 is
| ysine. 315. The peptide of C aim 311 wherein Xaa, is aspartic acid,
glutam c aC|d arginine, or a- hydroxynet hyl serine, Xaa2 is glycine,
al ani ne, , |l eucine, isoleucine, threonine, serine, asparagine,
nethlonlne |st|dine or a-hydroxynethyl serine, and Xaa3 is |ysine. 316.
The peptide of Riisdnmlid]arybfveheterdanha, is aspartic acid or glutamc acid and
Xaa2 is al aning, lin eoni ne, serine, or
a- hydr oxynet hyl é?%#g %ﬁghvﬂﬁk)b 8Rv°r 1> and

R; is H, a non-peptide, metal-binding functional group or the two R, groups together form

a non-peptide, metal-binding functional group.

309. The peptide of any one of Claims 288-306 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or (c) a substituent which is a non-peptide,
metal-binding functional group that improves the ability of the peptide to bind metal ions.

310. The peptide of Claim 308 wherein at least one amino acid of P, is substituted with (a)
a substituent that increases the lipophilicity of the peptide without altering the ability of P, to bind
metal ions, (b} a substituent that protects the peptide from proteolytic enzymes without altering the
ability of P, to bind metal ions, or (c) a substituent which is a non-peptide, metal-binding functional
group that improves the ability of the peptide to bind metal ions

311. A peptide having the formula:

B,-P,
wherein:

P, is:

H"}l}} m H”l ;m [T




317. The peptide of C aim 316 wherein Xaa2 is al anine, threonine or
a- hydroxynet hyl serine. 318. The peptide of Caim 317 wherein Xaa, IS
aspartic QU283 Xaa2 is alanine. 319. The peptide of C§HP$E9T2 wherein n
is 0-10. 1111111112222 1LEEE TEEEDE 11 gh* MS r WO 01125265 PCT/ USOQ 26952
88 320. The peptide of Cains 319 wherein n is 0-5. 321. The peptide of
Cl aim 320 wherein 158,,011;s382- The peptide of Caim311 wherein P2
conprises a metal -bi'ndi hg sequence. 323. The peptide of O aim 322 wherein
P2 conprises one &katXm,HslXaawi ng sequences: (Xaad4)m Xaa3 Hi s Xaa, Xaab,
(Xaad4) m Hi s )f;;\a ég"‘(? 5, (Xaad4) m Xaab5 Xaa, H s Xaa3; or (Xaa4)m Xaa5 Xaa,
4,

H's, wherein Xés, an amno acid having a free side-chain -NH2 . and mis

0- 5. d324f ah&ape@giydm,oilm%@i valine) Jevdfive! @doleuind,Sserine, Qhreofine, L yspartid 2fvid, The
pepti de o .aim311 wherein at, | east ope, of . the am.no acids of P, . other
than i - alSBA§iRS:| guiamis apidn, glulamipe, kysige, W’émﬁé‘ﬁk“iedg‘%ﬁ‘m@ aepingy ofifhice n

Xaa, 1S ghellyQAHHiRO éﬁ@éil@e, triptSpHaf, IstBin@ThéiRioRint, dr aiydroR@théthyfsdineand H s are
D-amino acids.. 327. The peptidé of C aim326 whérein all of the amno
aci ds of P, ofdaghsly¢inmalagne Balening valine, le@ingnisplencine; sggne, hp®ninpiaspastidacidie of

81 28BS Dy S50 HRAAL, DRI BLAE 1B BB g ol
ar e D anpheoylalaing syroSa) tryfthghapaqybteiie, rodthichiae,ror 8ziydrokenethylsarine] east 50% of
the am no acigds of .P. are D-am.no, acids. .331. .The peptide,of any one of
O 'ai ms. 311 S3PRRENET. pEnRR AR e, i PG SrEvn i ac 8tk
111111 |4spardgihd, lglutalnind bd tryptdpbin)1/ 25265 PCT/ USOQ 26952 89

Xaa, is any amino acid;

nis 0-100; and

at least one amino acid of P|, P, or both is substituted with (a) a substituent that increases
the lipophilicity of the peptide without altering the ability of P, to bind metal ions, (b) a substituent
that protects the peptide from proteolytic enzymes without altering the ability of P, to bind metal
ions, or (c) a substituent which is a non-peptide, metal-binding functional group that improves the
ability of the peptide to bind metal ions.;

or a physiologically-acceptable salt thereof.

312. The peptide of Claim 311 wherein Xaa, is aspartic acid, glutamic acid, arginine, or .-
hydroxymethylserine.

313. The peptide of Claim 311 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine.

314. The peptide of Claim 311 wherein Xaa, is lysine.

315. The peptide of Claim 311 wherein Xaa, is aspartic acid, glutamic acid, arginine, or &-
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or ¢-hydroxymethylserine, and Xaa, is lysine.

316. The peptide of Claim 315 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is
alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine.

317. The peptide of Claim 316 wherein Xaa, is alanine, threonine or x-hydroxymethylserine.

318. The peptide of Claim 317 wherein Xaa, is aspartic acid and Xaa, is alanine.
319. The peptide of Claim 311 wherein n is 0-10.
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Rl CH2CO2H CHCO2H H2ZNFCH H2N-CH CO CONH NH R1-CH H3CG-CH Co CON- NH N
NH <--H2CGCH ~--H2GCH H COOH NI H COON CH2CO2H CH2CO2H H2N- CH
(R3)2N-CH ®&®@@es20H NH H3C- C H H3C-CH CO Co CC~H2 NH McxusheseH H2CCH
N HCOR HCOON RR CH2CO2H CHCO2H " 2N- H2ZNN-CH CO CONH NH I -CH H3C
CHR,CO(ONNHNNH\H2C-CH<~-H2(§CH HCOHCOI NHNH C
H ( CH2) 4NH2 CI—I-_(,Z%:H%%4NH2 C%ZH CO2H Thi s Sh eet Has Been Repl aced

320. de of Ci

e peptt aims 319 wherein n1s 0-5.
321. The peptide of Claim 320 wherein n is 0.
322. The peptide of Claim 311 wherein P, comprises a metal-binding sequence.
323. The peptide of Claim 322 wherein P, comprises one of the following sequences:
(Xaa,),, Xaa, His Xaa, Xaa,,
(Xaa,),, His Xaa, Xaa;,
(Xaa,),, Xaa; Xaa, His Xaa,, or
(Xaa,),, Xaa; Xaa, His,
wherein Xaa, is an amino acid having a free side-chain -NH, and m is 0-5.
324. The peptide of Claim 323 wherein Xaa, is Om or Lys.
325. The peptide of Claim 311 wherein at least one of the amino acids of P,
other than B-alanine is a D-amino acid.
326. The peptide of Claim 325 wherein Xaa, is a D-amino acid, His is a D-amino acid, or
both Xaa, and His are D-amino acids..
327. The peptide of Claim 326 wherein all of the amino acids of P, other than f-alanine are
D-amino acids.
328. The peptide of Claim 325 wherein at least 50% of the amino acids of P, are D-amino
acids.
329. The peptide of Claim 326 wherein at least 50% of the amino acids of P, are D-amino
acids.
330. The peptide of Claim 327 wherein at least 50% of the amino acids of P, are D-amino
acids.
331. The peptide of any one of Claims 311-330 wherein P, has one of the following

formulas:

Ay
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01/ 25265 PCT/ USOQ 26952 90 CH2CO2H | CH2CO2H H2N-CH CO (R3)2N-?H Co NH
| NH H3CWHYBECH is CONNH NiH <~-HC CH <~-- HRETHPOORE®D H co NH
NH CH (CH2)4NH2 CH (CH2)4N(R3)2 COR39CO2H wherein: R is an alkyl, aryl,
or heteroaryl; It, is -NH21 -NHR' N(R )2, -OR" or R; and RBis H a

non- pepti de, netal -binding functional group or the two R3 groups together
form a non-peptide, netRy-binding functional group. 33FH,cH,Aetal -binding
pepti de having the for nul\eH - P21 wherein: P, |s: IXaa Xaa2 His: or
Xaa, Xaa2 H's Xaa3; P2 is)a peptlde sequence whi ch ses the sequence
of a nmetal binding siteN-Kda, is glycine, alanine, valigwe, |eucine,

i sol euci ne, serine, threoppne, aspartic acid, asparagilne, glutamc acid,
gl utam ne, lysine, hydroxylysine, histidine, arginine, Wni t hi ne,

phenyl al ani ne, tyrosine, NHyptophan, cysteine, nmethrprigme, or

a- hydr oxynet hyl seri ne'ééi(_g é is glycine, alanine, P-alanine, valine,

| euci ne, isoleucine i t hreoni ne, aspartic acid, ‘l:

cI:o

N NH Qj»Hzc—CH

<—>—Hzc—CH ¢ooH
N

CH,CO,H CIIHZCOZH
HzN-(l:H (Rs)zN-'l:H
CO flJO
NH NH
]
HaC—CH HaC~<|JH
&o co
|
N TH
kj—Hzc—ci:H- 4 )‘HzC—CH
N
N COR, COOH
R{ CH2CO2H
GHCOH HzN—(I:H
- |
HaN rl;H (I:o
0 NH
NH |
l Ry—CH
Hac-—-c|:H l
‘f° L
N NH N ']‘H
A}Hzc—t'm <N>’HZC—?H
N <’:o H ?o
NH rIJH
CI:H-(CH2)4NH2 (I:H—(CH2)4NH2
CO,H CO2H
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asparagi ne, glutarnic acid, glutamne, |ysine, hydroxylysine, histidine,
argi nine, ornithine, phenylalanine, tyrosine, tryptophan, cysteine,

met hi oni ne, warsiasisydr oxynet hyl serine; and This Sheet HasPEBBEEBIRENE aced
11111111121211212122322222 ¢ il 1213111011111111110!0 WO 01/ 25265

PCT/ USCQ 26952 91 Xaa3 is glycine, alanine. valine, |ysine, arginine,
ornithine. aspartic acid, glutamc acid, asparagine, glutam ne or

trypt ophan; or a phyS|oIog§Fally acceptabl e salt thereof. 333. The peptide
of Claim 332 wherein P Ogfe of the foll ow ng sequences (Xaa4) m Xaa3
H s Xaa, Xaa5, (Xaa4ﬁ$NHca Xaa, Xaab, (Xaad4)m Xaab Xaﬁ Hﬁ% Xaa3, or
(Xaad4) m Xaa5 Xaa, H s, §4 i's any am no acid; Xaa&NsCHn am no aci d having
a free side-chain -NH2; d mis 0-5. 3 34. The peptlé@ of C aim 332
wherein Xaa, is aspartlcNHC|d glutam c acid, arglnlneN or a-

hydr oxynet hyl seri ne. H§§5éHThe pepti de of Cla|n1332 mheneln Xaa2 is glycine,
al ani ne, vali ne, IeUC|neI |soIeUC|ne t hreoni ne, d&FTRE, asparagi ne,

met hi oni ne, histidine or hydroxynethylserine. 336. Tike peptide of Caim

332 wherein Xaa yS| 337. The peptide of Caim 332 wherein Xaa, is
aspartic acid, _;Sgglc a0|d arginine, or a- oxy Phylserine, Xaa, is
glycine, alanin Fq'le | euci ne, i sol eucine, A RE, seri ne,

aspar agi ne, net hlm)nl ne, bostl di ne or a- hydroxyrréi hyl secobne, and Xaa3 is

| ysi ne. 338. The peptldelgf Claim 337 wherein Xaa, is ggpartic acid or
glutam c acid and Xaa2 i$ al anine, glycine, valine, threonine, serine, or
a- hydr oxymet hyl seri ne. gg (CitadHpept i de of O ai m 338 whErEM&dn2 i s

al ani ne, threonine or a-fgdyoxynethylserine. 340. Thecpgptide of C aim 339
wherein Xaa, is aspartic acid and Xaa, is alanine. 341. The peptide of
Claim 333 wherein Xaa5 is Onor Lys. 342. The peptide of O aim 332 wherein
at |least one amino acid of P, other than (i-alanine is a D-am no acid.
343. The pe: t|de of Claim342 wherein Xaa, is a DDamno acid, Hs is a
D-ani no acl’ both Xaa, and H's are D am no acids.. 344. The peptide of
d ai m 343 mheremﬁsaiﬁkwﬂmiUUrh&mbaghacids of P, other than (i-alanine are

R, is -NH,, -NHR,, N(R),, -OR, or R,; and

R, is H, a non-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, metal-binding functional group.

332. A metal-binding peptide having the formula:

P,-P,,
wherein:

P,is:

Xaa, Xaa, His: or
Xaa, Xaa, His Xaa,;

P, is a peptide sequence which cemprises the sequence of a metal binding site;

Xaa, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine;

Xaa, is glycine, alanine, B-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,

phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; and
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D-am no acids. 345. The peptide of Claim 342 wherein at |east 50% of the
am no acids_of P, are Damno acids. ! L0 v e araraar rvipt C
L M., WWBPY¥EN5 PCT/ USOD 26952 92 346. The peptide BETESM2685843 wher ei n
at least 50% of the am no acids of P, e D-amno acids. 347. The peptide
of Claim 344 wherein at |east 50% of the am no acids of P2 are D am no

aci ds. 348. TRea REPYEAE aBhniRNYalRB Sy e, Q}%?diﬁ@, oPmdhint4 dsphhiR RidN g Ranli €834, ONE
amino acid of P, is” substituted wth (a) a substituent that Increasés the

| i pophi | PYatagingfelytaming optryriephant hout altering the ability of P, to bind
nmetal ions, Lt uent 'E?{ cts the peptide fromproteolytic
enzynes wtg%hﬁ‘ﬁ'?lg%%ﬂg t 1é)t%l| ft%ep%)?' P, to bind netal ions, or (c) a
subst it uent whi3cThe peptida ofiCjaép B82iwhereind®, hs-dne nfiibe dolfawing sequmkesgr oup t hat

I nproves the abili fot he,. tide to bind netal ions. 349. The peptide of
Grrgi m 348 wherein (gxa‘ﬁ'a)éaaéﬁéspg%’#% following formulas: R CH2CO2H CHCO?H
H2N- CH H2N- CH CO  (Rea NHHisMdaRKagGH H3G C H CO Co N NH N NH H2C CH

j) HCHHCOOH NI H COOH CHRCO2H CH2CO2H H2N-CH (R3)2N-CH CO CO NH
NH H3C- - CH H3C- CH (@)nCXaa; Xaa, His Xaa,, or

(Xaa,),, Xaa; Xaa, His,

ciD

Xaa, is any amino acid;

Xaa, is an amino acid having a free side-chain -NH,; and

m is 0-5.

334. The peptide of Claim 332 wherein Xaa, is aspartic acid, glutamic acid, arginine, or a-
hydroxymethylserine.

335. The peptide of Claim 332 wherein Xaa, is glycine, alanine, valine, leucine, isoleucine,
threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine.

336. The peptide of Claim 332 wherein Xaa, is lysine.

337. The peptide of Claim 332 wherein Xaa, is aspartic acid, glutamic acid, arginine, or -
hydroxymethylserine, Xaa, is glycine, alanine, valine, leucine, isoleucine, threonine, serine,
asparagine, methionine, histidine or a-hydroxymethylserine, and Xaa, is lysine.

338. The peptide of Claim 337 wherein Xaa, is aspartic acid or glutamic acid and Xaa, is
alanine, glycine, valine, threonine, serine, or a-hydroxymethylserine.

339. The peptide of Claim 338 wherein Xaa, is alanine, threonine or ¢-hydroxymethylserine.

340. The peptide of Claim 339 wherein Xaa, is aspartic acid and Xaa, is alanine.

341. The peptide of Claim 333 wherein Xaa, is Orn or Lys.

342. The peptide of Claim 332 wherein at least one amino acid of P, other than -alanine
is a D-amino acid.

343. The peptide of Claim 342 wherein Xaa, is a D-amino acid, His is a D-amino acid, or
both Xaa, and His are D-amino acids..

344. The peptide of Claim 343 wherein all of the amino acids of P, other than -alanine are
D-amino acids.

345. The peptide of Claim 342 wherein at least 50% of the amino acids of P, are D-amino

acids.
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NNHNNH HGCGCH(N2i 2 HCOR2 HCOON This Sheet Has Been Repl aced |
LEET~tE et oF 1T, 11 1111 WD 01/ 25265 PCT/ii SO0/ 26952 93 R\ CH2CO2H
CHCO2H H2N- @1 01R22¢sCH CO Co | NH NH I -CH H3C i H RPCOTSH/.2652]
OHGHNHNNH <~H2GCCHH COHCO N NH C H (CH2) 4NH2 CH- ( CH2) 4NH2
CO2H C02H CH2CO2H H2N- CH CH2CO2H CO (R3)2N-CH NH CO | H3CG-CH NH |

H3C- CH QO 1546 NN ple}lgl::ttlde \()P(-lez_z?mcjg_' L herein o east 50% SFhed 2R achdd ONSL are D-amino
acids.

347. The peptide of Claim 344 wherein at least 50% of the amino acids of P, are D-amino
acids.

348. The peptide of any one of Claims 332-347 wherein at least one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b} a substituent that protects the peptide from proteolytic enzymes
without altering the ability of P, to bind metal ions, or {c) a substituent which is a non-peptide,
metal-binding functional group that improves the ability of the peptide to bind metal ions.

349. The peptide of Claim 348 wherein P, has one of the following formulas:

RQ (IIHZCOQH
GHCO:H HyN~CH
HaN—CH do
<:30 liIH
l?IH R1——c::H
H3C—CH CO
¢o

|
N NH 4 Hzc—CH
Qj—ch—CH doo
N

CHaCOH CHACOH
HaN=CH Ra)oN-CH
co co
p t
Hacm?H Hsc-?H
co ‘5!30
N !LH N“B‘ N
(> Hpc—cH 4:4 HoC—CH
N éORz H COOH
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CH (CH2)4NH2 C H- (CH2)4N(R3)2 COR2 CO2H wherein: R is an alkyl, aryl, or
heteroaryl; R2 is -NH,, -NHR, N(R)2, -OR, or R; and R3is H a

non- pept i & Y1831 _ bi ndi ng functional group or the twlRESHEMBs t oget her
form a non-peptide, netal-binding funesi onal group. 350. The peptide of
any one of O ainms 332-347 wherein at |east one amno acid of P2 is
substituted with (a) a substituent that increases the lipophilicity of the
peptide without alteRgng the ability of P, to bind matlteucoizbns, (b) a
substituent that prot q&ﬂcezrt he peptide from proteol yijnccgnzymes This Sheet
Has Been Replaced i]N-ER111 11211111 -~-~~~ | CL M"Y ]%é\o Ol/ 25265

PCT/ USOQ 26952 94 vm'téla,out altering the ability of P, E bi nd netal ions,
or (c) a substituent vwhich is a non-peptide, netal-biNding functional
group that increases t'i’He ability of the peptide to hj—nénrret al ions. 351.
The peptide of O afhT 38 wherein at |east one am no ac"ﬁ of P2 is
substituted with (a) ¢@ substituent that increases the|lipophilicity of the
peptide w t hoyt alteri,[;;\g the ability of P, toneid newNdl ions, (b) a
substituent that " t_dC ts the peptide fromprote yi%é_c.cﬁnzyrres wi t hout
altering the i 1Ty jof P, to bind netal ions,Nor (c)la substituent which
is a non-peptide, netdC-binding functional grd'hp t hat jI'ncreases the
ability of the pepti deﬁlHto bind metal ions 352. A netal NHi ndi ng peptide

di mer of the fornula: cuP@uz.NH,- P3, wherein: each P, éfay(chg,,m-ge sane or
different and is a pedgoiz,gie whi ch i s capabl e -of bi ndi ng(':? Jqretal ion;  and L
is a chem cal group which connects the two P3 peptides ﬁrough their
C-terminal amno acids. 353. The peptide diner of C aim 352 wherein each
P3 contains 2-10 am no acids. 354. The peptide diner of C aim 352 wherein
at least one P3 is P,, whigegrn P, is: Xaa, Xaa2 His: or Xaa, Xaa2 H's
Xaa3; and !

-G CH,CO,H
R1)oN—-CH
co (Ra)2 i
| co
NH I
| NH
HsC—CH o
c|’° co
N NH . rqu
(Mot ,
HC—CH { HiC—CH
H co N ¢o
NH NH

GH-(CHalNHy CH-(CHNRz
COR; CO,H

wherein:

R, is an alkyl, aryl, or heteroaryl;

R, is -NH,, -NHR,, N(R,),, -OR,, or R;; and

R, is H, a non-peptide, metal-binding functional group or the two R, groups together form
a non-peptide, metal-binding functional group.

350. The peptide of any one of Claims 332-347 wherein at ]east one amino acid of P, is
substituted with (a) a substituent that increases the lipophilicity of the peptide without altering the
ability of P, to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes
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Xaa, is glycine, alanine, valine, |eucine, isoleucine, serine, threonine,
aspartic acid, asparagine, glutamc acid, glutamne, |ysine,

hydr oxyl ysi A0 0%5245i di ne, argi nine, ornithine, phenyl al #GTA8/26920si ne,
tryptophan, cysteine, methionine, or a-gydroxynethylserine; Xaa2 is

gl yci ne, al anine, 3-alanine, valine, |eucine, isoleucine, serine,

t hr eoni ne, J | Gere I t am i I 1 Lhe,
hydr oxyl ys‘lﬂﬁ@%%‘?égﬁfgg?n%?h%?g?ﬁ{o%gr!&g?ﬁ% iﬁre?cfap 5%??%@%?%?%??#%@?%&

t r ypt ophanmesl/sitding Sinctivebhgrouy tha incorasas-theydilox yiree baptidetoi bive maddonéaal3 i s

gl yci ne, al ani line, |lysin argi.nine, ornithine, .aspattic acid,

Ol htan ¢ aca ks e inionn et o e B acoseB St M rer
of C ai m 35dibydiedn@inat iNedased Be mm&ﬂnpof@fegf_éptmlvumm Ateflfd Ble ALY PP N6 bindOl
a- hydroxynet hyl serine. 356. The peptide dieter of C aim 354 wherein Xaa2 is
gl yci ne,  alMaial e, (byasybstétuent ghatnrotacts the pestide trpm proteokitic srayes wiskaut gtering the

aspar agi Nneyp; b QI st di - - 1 1.8 y/ S

epti do. di upy ot Y fifmedl il (R s LR IN RS Sl i FunclBfip
111111111 1drobp thrtsndr@sexlth@ S35 oPGF peiEdoidct68b@etadbn358. The pepti de di mer of
Cl ai m 354 wherej.n Xaa, ,,S aspartic,aci | utam c acid, arginine, or

a- hydr oxymet hySég'r f‘ﬁlé%mi*érﬁn P %ﬁé‘??fé’?”ﬁ%m‘ﬁ%, val i ne, | eucine,

i sol euci ne, threonipg,Lspgine, asparagine, nethionine, histidine or

a- hydr oxymet hyl seri ne, and Xaa3 is |ysine. 359. The peptide dinmer of Claim
358 wher ei WSEH s aspartic acid or glutamic acid and Xaa2 is al ani ne,

glycine, valingacHi k9Bt MEsan®F difErent@hid B2 PUAHOXNRE sBYaBR b Mifing30Retal 1618
peptide dinmer of Claim 359 wherein Xaa2 is "al anine, threonine or a-

hydr oxynmet##l serine. 361. The peptide dimer of Caim360 wherein Xaa, is

aspartic acid A3 L ' | . Of ' 4
wher ei n at Ieag‘tniggne arc#ﬁro g%ﬁgfﬂ %}p mfs,gtgg{eﬁgg?f %gﬁ&ésgﬁg%hg&{g&%&@gﬁﬁg
acid. ~i- ®8B. The peptide diner of daim354 wherein all of the am no
acids of P, ot an api ne are m, no. aci ds. 364. e pepti.de di nmer of
G o m 354 aher 5 TP R /2 mas preisgech Bisatigas e REBPAEE of o e
352 wherein at 35¢aThe sepRdeadiingOofaltdifh 358 WRereinSt fediht PUE ROwhetbibIp, i) a
substituent that in re%?es the lipophilicity of the peptide w thout
altering the abilit fA9pglisi® pind netal ions, (b) a substituent that

protects the pepti dg_a;lr;gg;mg%gzo&.mti c enzynmes without altering the ability

of P3 to bind netal ions, or.(c) a substituent which is a non-peptide,
met al - bi ndi ng *a8, is glycine, alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,

asparagine, glutamic acid, glutamine, lysine, hydroxylysine, histidine, arginine, ornithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or e-hydroxymethylserine;

Xaa, is glycine, alanine, B-alanine, valine, leucine, isoleucine, serine, threonine, aspartic acid,
asparagine, glutamic acid, glutamnine, lysine, hydroxylysine, histidine, arginine, omithine,
phenylalanine, tyrosine, tryptophan, cysteine, methionine, or a-hydroxymethylserine; and

Xaa, is glycine, alanine, valine, lysine, arginine, ornithine, aspartic acid, glutamic acid,
asparagine, glutamine or tryptophan.

355. The peptide dimer of Claim 354 wherein Xaa, is aspartic acid, glutamic acid, arginine,
or e-hydroxymethylserine.

356. The peptide dimer of Claim 354 wherein Xaa, is glycine, alanine, valine, leucine,
isoleucine, threonine, serine, asparagine, methionine, histidine or a-hydroxymethylserine.

357. The peptide dimer of Claim 354 wherein Xaa, is lysine.

R



functional group that inproves the ability of the peptide to bind netal
ions. 366. The peptide dimer of Caim352 wherein P3 conprises an am no
aci d sequé¥ReUfiSch is substituted with a non-peptide, PREVMOZ2HSAdI ng
functional group to provide the netal gbinding capability of P3. 367. The
peptide dinmer of Caim352 wherein L is neutral. 368. The peptide
di mer of d ai L B kel 41 =&l N. QL. .hr.an 2 ' kgpe or
al kene resi %??gﬁlﬁ%{tﬁkﬁlgk # §§c&]§1&{g§§%@§§e on é*{sggr?s. %6@%%?@%&%@ g’i mer of
g ai m 368 aviiydraxiymethylsarivg aXaus is2lRireaalbaine, ablinesleudr® isolpueinp dhreonine, dériner  of
aim 352 wherein,Lisa cyclic alkane residue containing.from 3-8 carbon
at ons. §?ﬁa.rag1"ffemﬁtélﬁlnftﬁehl§f%rorgfhygf%me Bf]@e%earngi)%afs@%h ®ains 3-5 carbon
ﬁt?ms. 37|2_. Tb?ikﬂ%ebd&ﬂigaﬂffmiinﬂﬂi%em Xahgis asparticiasidanighutangie acid and ai ni ng
eterocyclic al kane residue, 373. The peptide di of Claim372 wherein L
i s a pi pEitaizialfatne, gycine, YaliweJRiseRigR SeRnsetr %Pydﬁwr@gﬁn%erei nlLis a
glyceryl estggg Il béﬂtlhé ditabd bf Claitl 559/Whkreld )dagal {s alénike, threonine or a-

hydroxymethylserine.

361. The peptide dimer of Claim 360 wherein Xaa, is aspartic acid and Xaa, is alanine.

362. The peptide dimer of Claim 354 wherein at least one amino acid of P, other than -
alanine is a D-amino acid.

363. The peptide dimer of Claim 354 wherein all of the amino acids of P, other than p-
alanine are D-amino acids.

364. The peptide dimer of Claim 354 wherein both P, peptides are P,.

365. The peptide dimer of Claims 352 wherein at least one amino acid of P; is substituted
with (a) a substituent that increases the lipophilicity of the peptide without altering the ability of P,
to bind metal ions, (b) a substituent that protects the peptide from proteolytic enzymes without
altering the ability of P, to bind metal ions, or (¢) a substituent which is a non-peptide, metal-binding
functional group that improves the ability of the peptide to bind metal ions.

366. The peptide dimer of Claim 352 wherein P, comprises an amino acid sequence which
is substituted with a non-peptide, metal-binding functional group to provide the metal-binding
capability of P,.

367. The peptide dimer of Claim 352 wherein L is neutral.

368. The peptide dimer of Claim 352 wherein L is a straight-chain or branched-chain alkane
or alkene residue containing from 1-18 carbon atoms.

369. The peptide dimer of Claim 368 wherein L contains 2-8 carbon atoms.

370. The peptide dimer of Claim 352 wherein L is a cyclic alkane residue containing from
3-8 carbon atoms.

371. The peptide dimer of Claim 370 wherein L contains 3-5 carbon atoms.

372. The peptide dimer of Claim 352 wherein L is anitrogen-containing heterocyclic alkane
residue.

373. The peptide dimer of Claim 372 wherein L is a piperazide.

374. The peptide dimer of Claim 352 wherein L is a glyceryl ester.
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