AIEPEYNHZH [MIGANOGN MHXANIETIKQN OAQN
THY EHATOMENHY AIIO Cu(ll) KAI Ni(IL)
TOEIKOTHTAX-KAPKINOTENNEXHY
MEAETONTAY TIX AAAHAEMIAPAXEIX TOYX ME
MENTIAIKA MONTEAA IZTONQN

Avartr. Kab. ["'ep. MaAavopivocg
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2UvVToun emavaAnwn A" OIGAECNG.....

R,—HC ,
1 \N
Ha
a) X = Ny, (His); M™ = Cu(ID), Ni(ID), Pd(1I), Au(IID), Pt(II
h) X = 3-COO™ (Asp); M™ = Cu(ID), (Ni(Il), Pd(II))
) X = S (Cys); M™ = Ni(II), Pd(II)
d) X =S-CH; (Met);  M™ = Pd(I), Pt(II)




2UvVToun emavaAnyn A" OIGAECNG... ..

PM +gH +rll <« MpH L,

KdlI
Bpsgor = IMpHG L J/IMIF[H]A[L]'

Pd24(2) > Cu2t(4) > Ni2*(8) > Co2*(10)



2UvVToun emavaAnyn A" OIGAECNG... ..
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"2 Ly s (e)
H

NII,-Xaa-Xaa-Ilis-
ATCUN-motif

-His-(Xaa), -His-

S O
R—N R macrochelate
formation
(a)
HN.__N-Cu"
O
-P_ro-His-Xaa- . o N 3 R
prion octarepeat «9{;\ >_( é — ‘C{}_'_
—g / N N
E R NHy [ > D
= N
= O H

imidazole-bridged
complexes

O
R\A\N—

o NG d oG -NH,

R




(Galaris et al, Cr.Rev.Onc, 2002)



NEOPLASTIC TRANSFORMATION OF CELLS RESULTS FROM
AN ALTERATION IN'THE GENETIC CODE

THUS ANY MOLECULE THAT CAN BIND WITH CONSTITUENTS
OF THE CELL NUCLEI (DNA, PROTEINS) MAY AFFECT THE
GENETIC CODE CAUSING CANCER

METAL IONS

STRAND DNA BASE

RAND MODIFICATIONS
SCI5SI0 DEPURINATION  CROSS-LINKING



THE BINDING OF METAL IONS MAY

“ GENERATE GENOTOXICITY
'/THE INITHALLY METAL-BINDING TO DNA MAY

NOTFBE EXCLUSIVELY RESPONSIBLE FOR
THE ENTIRE WIDTH OF DAMAGE OBSERVED
FOR DNA

SEVERAL METAL IONS ARE ABLE TO ACTIVATE
0, OR H,0, PRODUCING ACTIVE OXYGEN
SPECIES WHICH MAY DAMAGE THE
CONSTITUENTS OF THE CELL NUCLEI

THE MOST IMPORTANT MECHANISM OF OXYGEN
ACTIVATION BY TRANSITION METALS INVOLVE
FENTON/HABER-WEISS REACTIONS

M+ +H,0, —» MO*D* + OH- + *OH
MO*D* + 0, » M™ +0,



Cu(ll); NIl toxicity

Induces double strand breaks on DNA

« Cu(lr
IS highly redex active (Cu(ll)/Cu(l))

produces relatively low, but measurable

levels of reactive oxygen species (ROS) in cells

DNA single-strand scission

binds weakly to DNA and requires the presence of proper
chelation to become reactive

the redox couple Ni(lII)/Ni(11) is only possible when the metal ion
IS coordinated with some natural ligands, mostly peptides and
proteins.

In the presence of O, or H,0, generate not only hydroxyl, but
also other oxygen-, carbon-, and perhaps, sulfur-centered
radicals originated from the ligand, all able to attack the ligand
and other molecules



THESE ARE HIGHLY BASIC
PROTEINS THAT PROVIDE
SCAFFOLD FOR DNA DOUBLE HELIX
IN THE CELL NUCLEUS

|

DNA IS WRAPPED AROUND THEM
Aucleosome FORMING THE NUCLEOSOMES

l

THE REPEATED NUCLEOSOMES ARE

AURELRE T ORGANIZED IN HIGHER ORDER

STUCTURES FORMING THE
CHROMATIN

histone actamer {yellow)

chromatin fiber
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O1 TTUPNVIKEC IOTOVEG TTEPIEXOUV 3 DIAPOPETIKOUG TUTTOUC DOMIKWY TTEPIOXWYV,
avaAoya pe Ta PoTiBa dEuTEPOTAYOUS OOUNC TTOU UIOBETOUV

*  Mia kevTpIky TTEPIOXN TTEPITTOU 70 ANIVOCEWY, ATTOTEAOUUEVN ATTO 3 O-EAIKEC
TTOU ouVvOELovTal UE Bpaxeiec BNAIES, yVwOTH w¢

. AUTEG
gival OOMIKEG TIEPIOXEG, ECWTEPIKA TNG IOTOVIKAG TITUXWONG Kal  ival
UTTEUBUVEG VIO TIC TIPWTEIVIKEC AAANAETTIOPAOCEIC EVTOC TOU OKTAMEPOUG, EVW
OUVEIOQEPOUV Kal oTn dEopueuon Tou DNA

« Tig . Ta N-TEAIKA AKPa TWV TTUPNVIKWYV ICTOVWYV Eival
Tuxaia TrepiEAIcoopeveG douec (random coil), TTou yapaktnpilovial atro
MEYAAN euKapyia.



Erepooiuspn Zsuyn lupnvikwy IoTovwy

«  O1 ICTOVIKEG TITUXWOEIG
OUVOUACovTal VIO VO OXNUOTICOUV
ETEPOOIMEPIKA CEUYN TOU TUTTOU :

Kal

«  2¢ KOBe Ceuyog ol Treploxec al-L1-
02-L2-a3 aAAnAemmOpouv JE Evav

QVTITTAPAAANAC  TTPOCAVATOAICUO,
KUPIWG MEOW UOPOPOBIKUWV
ETTAPWY TwV al, a2 kal a3 EAIKWV

*  H eKAEKTIKOTATA TOU OIPEPICUOU Eival
TTOAU PEYOAN KOl OUVOEETAl ME TNV
UTTaPEN ONUAVTIKWY. Ola@OopwWY OTRV
OIETTIPAVEIQ ETTAPNG TWV TTPAYUOTIKA
OXNMATICOMEVWY  ETEPODIPEPWY KAl
AAAWV EVOAANOKTIKWY UN UPIOTAUEVWYV
CEUYWV.




3° structures
(inter-fiber contacts)

Maximum folded
2° structures
(e.g., 30-nm
chromatin fiber)

Moderalely
folded 2°
structures

Extended
nucleosome
arrays

DNA ¢




MAJOR TYPES OF HISTONES

THE C-AND'N-"TERMINAL TAILS OF HISTONES ARE
THE MAJOR BUT NOT THE ONLY INTERACTION SITES
WITH DNA -
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) Acetylation

‘ Methylation
(®] O @ O  Yem— () Phosphorylation
. L 5 G | () ubiquitylation
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f16 KIOK KxS K4y §96 S32 ko K37
"“-""u
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H3
N- l;r
_H4
~&KI.Q ' Ks K :‘ N-ter
. @
@ @
Chromatin Residues modified Function regulated
Modification
Acetylation Lysine Transcription, DNA repair,
replication and condensation
Methylation (Lysine) Lysine me1, me2, me3 Transcription, DNA repair
Methylation (Arginine) | Arginine-mel, Arginine-me2a Transcription @ Aceylsica
Arginine-me2s Mo Methylation
Phosphorylation Serine, Threonine, Tyrosine | Transcription, DNA repair and |
condensation B
Ubiqutination Lysine Transcription, DNA repair @ niquisaion
Sumoylation Lysine Transcription
ADP nibosylation Glutamic Transcription
Deimination Arginine Transcription
Proline isomenzation P-cis, P-trans Transcription




FIETITIOIKA UOVTEAQ IGTOVIV.

Ac-Aqs ﬂ&m
Ac-S 1 ?ng -Am

Ac-AK( L'\C)R.RK(AC)E Am
Ac-GK(Ac)GGAK(Ac)RIRK(Ac)V-Am
Ac-T7 YTEHA76-Am

: Ac- -K125 Am (and variants)

H->N-S -Am and the variant H,N- SA.K Am

Ac Em’JL A 1;}?-5;]_11

Ac-Lgo ABYNKSS-Am
Ac- PIEPA‘YAPAP SKKAVTKAQKKDGEKERKR;;-Am

Ac I3':-RK SVYV "LKQVEPDTGISSKAMGIMeg2-Am
Ac-NgSFVNDIFERIAGEASRL STITSREg;-Am

Ac-TosQTAVRLLLPGELARBAVSEGTRAVTRYTSSK 25-Am




C-terminaliof histene H2A 1.21-124
Ac-TESHHK-am and variants

Histenes H2B and |
76 and 80-85

Ac-TYTEHAK-am
Ac-LAHYNK-am

4 (fold domains, 71-



lotévn H1
SETAPAAPAAPAPAEKTPVKKKARKSAGAAKRKASGPPVSELITKAVAASK
ERSGVSLAALKKALAAA NNSRIKLGLKSLVSKGTVLQTKGTGASS
FKLNKKAASGEAKPKAKKAGAAKAKKPAGAAKKPKKATGAATPKKSAKT
PKKAKKPAAAAGAKKAKSPKKAKAAKPKKAPKSPAKAKAVKPKAAKPK
TAKPKAAKPKKAAAKKK

lotévn H2A (T0tTog H2A.1)
ISGRGKQGGKAPAKAKTRSSRAGLQFPVGRVHRLLRKGNYSERVGAGAPV
SOYLAAVLEYLTAEILELAGNAARDNKKTRIIPRHLQLAIRNDEELNKLLGRVTIA

104QGGVLPNIQAVLLPKK HH AKGK

lotévn H2B (TU1rog H2B.1(a))
IPEPAKSAPAPKKGSKKAVTKAQKKDGKKRKRSRKESYSVYVYKVLKQVHP
SIDTGISSKAMGIMNSFVNDIFERIAGEASR  H RSTITSREIQTAVRLLLP

104G H VSEGTKAVTKYTSSK

lotévn H3 (kUpl10g TUTTOG)
LARTKQTARKSTGGKAPRKOLATKAARKSAPATGGVKKPHRYRPGTVALRE
SIIRRYQKSTELLIRKLPFQRLVREIAQDFKTDLRFQSSAVMALQ VG
103] FEDTNLCAIHAKRVTIMPKDIQLARRIRGERA

lotévn H4
ISGRGKGGKGLGKGGAKRHRKVLRDNIQGITKPAIRRLARRGGVKRISGLYE
SSETRGVLKVFLENVIRDAV H KRKTVTAMDVVYALKRQGRTLYGFY
102Y



THE SEQUENCE

-Gl USENHAISHIS- (FESHH- -TE§SHHK-
AMINO ACIDS 121-124),
OF THE C-TERMINAL TAIL

OF HISTONE H2A
SYNTHESIZED, < 1. COMPARISON OF THE EFFECT OF Glu, Ser

MO Ni(11)-SHHK-

AND His SUBSTITUTION ON THE STABILITY OF
SESHEIKS THE COMPLEXES FORMED
1 SHEIRS < 2. LOCATE THE AMINO ACID WHICH IS
TE HHK- RESPONSIBLE FOR HYDROLYSIS
NES - HKS 3. STUDY OF THE OXIDATIVE ABILITY OF Cu(ll)
TESH K- / -TESHHK- COMPLEX AGAINST DNA BASES

4. BETTER CHARACTERIZATION OF THE
SHHK- HYDROLYSIS PRODUCTS AND
S MK UNDERSTANDING OF THE HYDROLYSIS
i MECHANISM



=NESHHEKE —0 . SHHKE

NH /—NH NH
O 0 O
e 9 g He 0 g me 0
= CH—C — CH==C i 1]
/ - C\ I / \ (u) a / - C\ |(|) / \ 9 /CH_C\ —Ala—Lys am
N N—CH—C—Lys-am N, ST CH=C—Lys -am N N—CH—C—Lys-am N, N—CH=C—Lys -am N_CH
e | 1IN, S o=|c %, S 0= | / %, S =(|: T, S \ - N”':,, \\\\\ \
Ni CH, Ni CH, Ni CH, CH, = g -
e h N/ \N H c/CH\N/ \N i CH\N/ S sl i N/ \N FRCCHL / \ 2
) 9)
: \OH o=|c QO \OH o=l: QO 5 _\ EO \OH 0=C QO t \ b
N T ~ S 00C  Ac-Thr N
Ac-Thr-Glu Ac-Thr-Ala Ac-Thr-Glu H Ac-Thr-Glu H H
pH >7.4 pH>74 pH>74 pH > 74
- Ac-ThrGluCOO" - Ac-ThrAlaCOO’ | - Ac-ThrGluCOO | |
HQC NO CLEAVAGE o NO CLEAVAGE
| || | Il
/CH—C\ 0 /CH—C .
~ =
0=C/N,%‘{ :\\\‘\\N_CH_C Lys -am O=C/N/”o, N—CH C—Lys -am
|CH Ni CH, | CH,
VN AR / \
H,C ﬂ N Hz \ N
\OH 2 QO OH H; Q

TE HHK-

-TESA nl K-

-TESH - K-




PROPOSEDMECHANISM OF THE HYDROLLY SIS OF THE
HEXARPEPTIDES IN'THE PRESENCE OF Ni(l11) OR Cu(l1) IONS

R R R
\ \ \
I\ N— I\
/ / /
O=C\ O=C\ O=C\ ‘
\ \
R R R
\ \ \
N— N— N—
/ / /
O=C\ O=C\ ' O= C\ ‘
CH—N CH—N OH CH—N OH
/ /
HZC/ \H S H,C \ \i} y H,C \ ,/
A\ 'o\ R \ 7R



1NdGWAS USEDAS ATARGET //REPORTER MOLECULE
OF OXIDATIVE DAMAGE

® In this system, unlike with DNA as a target, the yield of the oxidation
product, 8-oxodG, is high and its quantification can be accomplished
quickly and precisely by HPLC with a standard UVdetector

® The shortness of the hexapeptide model -TESHHK- would not allow

the reproduction of the protein-DNA interaction occurring in
nucleosome

2. H,0, WAS USED AS OXIDATIVE FACTOR



THE COMPLEX CuH.,LL WITH -TESHHK- EFEICIENTLY PROMOTED
OXIDATION OF dG, WITH A TRANSIENT FORMATION OF
SUBSTANTIAL AMOUNTS OF 8-0x0-dG! IN PHYSIOLOGICAL
CONDITIONS (pH = 7.4 and T = 37.°C)

10055+ -

1. ONLY THE COMBINATION OF Cu(ll) /

-TESHHK- AND H,O, RESULTED IN THE
SUBSTANTIAL dG OXIDATION

2. NO OXIDATIVE DAMAGE WAS DETECTED
IN THE ABSENCE OF H,0O,

I

% dG

IIIIIIIIIIIII

% jz I& =~ 3. NARROW AMOUNTS OF 8-0x0-dG WAS
9 5 y GENERATED IN THE PRESENCE OF Cu(ll)
A I ALONE OR -TESHHK- ALONE

o 0]

-2 0,5—_/ \1

S ot sE—F—F s 4. NO OXIDATIVE DAMAGE WAS

e #0150 180 DETECTED IN THE PRESENCE OF Cu(ll) /
Xpovog Er®moaong (min) SHHK-AND H202



PROPOSED MECHANISM OF THE OXIDATIVE REACTION

CuH; L
OH
N
Ac-Thr-Glu_ =~ CH—C O 0
\ / \ [ [ N
@) N// \\\N—CH—C—N—CH—C—Lys -am
T I N
)x H,0 e
e~ © 00
NH
H H

Bon u” *‘OH



O @) O 0] O
Il H I H Il H I H l H [l H [l
HaC—C—N—CH-C—N—CH-C—N—CH-C—N—CH-C—N—CH-C—N—CH-C—NH,
CI:H'OH CHZ C|:H'OH Cl:Hz CH2 CH3
CHj CHj C|3H2
HN
R ©
| \=\H

% of Cu(Il)

Ac-Thr-Tyr-Thr-

A

10

AN

8
pH




100 - . 700 { 0 O T
NN\ O/I\TiH L i ” H ” | NH
80 - \ 3= £0.10 N\ /C\N\ CH 2
— | \ Ac-Thr-Tyr-Thr-/ CH CH/C\ / \C/
@ NiHL NiH_L o : H,C \ H \\O
= © <5 C{ CH,
> &
‘S 40 - / )\'max(nm) o \C \ H O
8 O 2
NiL . _\ | // o///, \\N ONH
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NI(ID)=TYTEHANNteraction: Hydroelysis studies

m/z 514
HoN-TEHA-am
+Ni(11)

hydrolysis product 1

m/z 325
Ac-TY-COO
hydrolysis product 2

Relative Intensity (%)

T T T T T T T T T
880 960 1040 1120 1200

m/z 821-823
Ac-TYTEHA-am +Ni(ll)
NiH_L

Relative Intensity (%)

Relative Intensity (%)

"

T T T T T T T T T T T T T T T T T T T
160 240 320 400 480 560 640 1040 1120
nmz

ESI-MS spectra series of (a) Ac-TYTEHA-am (b) Ac-TYTEHA-am + Ni(ll) 1:1, 30 min of incubation at 370C, (c) Ac-TYTEHA-am + Ni(ll), 48h of incubation




NI(ID)=TYTEHANNteraction: Hydroelysis studies

« The hydrolysis

reaction
/o- O§C/O_
e "o

c—N, it N CHy H,0

HN—CX o} € CH
TH\OH \\C/N{,, \\\\N———CH/ \H/ CHy
HaC HsC ~ i g . c
ST NS Ni(Thr-Glu-His-Ala-am)

The presence of Thr residue Is Iimportant for
hydrolytic cleavage!!



Cu(l)-LAHYNK- interaction.

O] O] O] O O] @) O
[ Iy [ [ [ [ I
C—N—CH—C——N——CH—C——N—CH—C——N——CH—C——N——CH—C——N——CH—C——NH,

4 | | | | |

lonization constants of the peptide -LAHYNK-.

Species logf PK, Std.Dev Group
HL 10.53 10.53 +0.01 Lys
H,L 20.05 9.52 == 00)| Tyr

H,L 26.28 6.23 +0.01 His



Cu(l)-LAHYNK- interaction.

CU(R)SAc-Leu-AZa—His-Tyr-Asn-Lys-éamide 111 Stability COﬂStantS O.I: _LAHYN K-
/] Cu(ll) system (1:1).
of : Species logp pK,
n CuH,L = 2355 (1)
o CuL  12.06 (1)
201 CUH_lL 3.02 (1) 9.04
CuH,L  -6.89 (1) 9.91
Species distribution diagram of the -LAHYNK- CuH,L  -17.42(1) 10.53

:Cu(ll) system (1:1).
CuH,L  -29.07 (2) 11.65



SPECIES

CuH, L (IN)
Cult (3N)

Cul ;L= (SN)
CuL L (4N)
Cul_ ;L (4N)

Cul__,L (4N)

Spectroscopic parameters of the system -LAHYNK- :Cu(ll)

GAV/AV/TS
(e/ M*cm?)

}‘max
x

591 (110)
582 (94)
528 (120)
513(140)

512(150)

EPR
AG) g
x* *
170 2.230
173 2.231
196 2.190
196 2.180
196 2.180



Absorbance

0.26
0.24
022:
020:
018:
016:
Q14:
012:
010:
008:
006:
004:
QOZL
000:

-0.02

—— pH=10.01
—— pH=11.04

pH=12.36

—— pH=13.00

pH=5.00

—— pH=7.30

pH=9.07

400

500 600 700

wavelenght (nm)

UV-Vis spectra of the system Cu(ll):

Ac-LAHYNK-amide recorded at

various pH values .

Intensity

1.00E+008

o
(=}
o
m
Bs
(=}
o
o
]

-1.00E+008

—— pH=10.3
—— pH=11.3
pH=12.1

2500 3000 3500

M. Fielf (Gauss)

CW-EPR spectra of the system

Cu(ll): Ac-LAHYNK-amide recorded

at various pH values.




Cu(ll) + Ac-Leu-Ala-His-Tyr-Asn-Lys-amide 1:1.1

100
‘_\_‘_\\ /| — Free Cu

/] |—Ae

90 \ V4 A8

\ /

\ / — ABH1
80 \ i — ABH2
\ / — ABHS3
= \ ( — ABH4

60 o
4
\ Ay
. | A
\ N\
40 \ / I
30 f\\ / | ,/ \\ //
/A [\

20

SpeCIeS OAV/AVIES EPR
Ao E/MTcm?) A (G)

g

CuH,L (AN)

CuL (3N)

CuH_,L' (3N)



Cu(ll) + Ac-Leu-Ala-His-Tyr-Asn-Lys-amide 1:1.1

100
—_

90 \

S

70

60

50

40

30

20 /

Species

CuH_,L (4N)

CuH.,L (4N)

CuH_,L (4N)

UV/IVis
Aoy (E/MEcmd)

528 (120) 196
2.190

198
2,180

198
2,180

— Free Cu
— ABH2
AB
— ABH-1
— ABH-2
— ABH-3
— ABH-4

H3C—(|:H—C

CHs

CUH_]_L
—H+l pK,=9.91

CH;3; O o o
[l Il Il

o)
|

H H H
ﬁ /CH—C—N—CH—C—N—cle—c—N—CH—C—N—CH—C—NHZ

/C—N ~_ CH, CH, (|:H2

Cu

CH c=0
VAR T — \N N |
2 \ NH,
o=cC \ N-
\
CHs
o

CuH_4L

o
|

CH; O e} o o o
o |l |- |- |- |
T /(:H—(:—N—<:H—(:—N—(:H—(:—N—(:H—C—N—(H:—C—NH2
C—N—__ CH, CH, (l:H2 (i:H2
Cu
CH c=o0 CH
_C/ \N/ \N)E [ [ 2
H> | \ NH, CH,
o=c NH |
\ CH,
CHs |
o NHz*
CuH_L
-H*
pK,=10.53
CH; O o o o o
o [l | - | B | B Il
i /CH—C—N—<|:H—<:—N—(|:H—(:—N—(|:H—C—N—<|:H—<:—NH2
/C—N\ CH, CH, (|:H2 cle2
Cu
CH c=o0 CH
Ve \N/ \N \ | | 2
2 | \ NH, CH,
o=c NH |
\ CH,
CHs |
o NH,
CuH_L
-H*
pK,=11.65



Ni(l11)-LAHYNK- interaction.

Stability constants of -LAHYNK- :

Ni(ll) + Ac-Leu-Ala-His-Tyr-Asn-Lys-amide 1:2

T e Ni(11) system (2:1).

90

Species logf PK,
NiH, L 23.26 (3)

NiHL 14.65 (3) 861
NiH L -2.60 (2) -

NiH,L  -1263(3)  10.03

NiH,L  -23.09(4)  10.46

Species distribution diagram of the -LAHYNK-
:Ni(I1) system (2:1).



Spectroscopic parameters (UV-Vis) of the system -LAHYNK- :Ni(ll)

SPECIES UAV/AVATS
Aoy (€7 Mt cmt)
NIH L= (IN) -
NIHL (2N)
NiL_,L (4N) 422 (84)
NiL_A (4N) 434 (140)

NiL_A (4N) 437 (130)



D
o
c
©
o
o
o
%)
o
<

300 350 400 450 500 550 600 650 700

wavelenght (nm)

UV-Vis spectra of the system Ni(ll): Ac-LAHYNK-amide 1:2
recorded at various pH values .



I
——CH—C——N——CH—C——NH,

CH, THQ

Nill) + Ac-Leu-Ala-His-Tyr-Asn-Lys-amide 1:2
100 F——_
N\ / CH,
90 ‘\ ; OH,
/ HsC—CH \ c=—o0 CHj,
/ H0
/ N |
\ / CH; \Ni/ \\ r|4H2 GHay
/ HEO/ \ NH |
OH, CH,
H,0
OH NH3

) \ A //
/ /
NiH, L

o

\

/

—_—
:///

60 Y
//
) AN, '
\ / \
40 , |
/ \ \/ / / \\ 0 0 CH, O 0 0
. A | I L I I | I
] [t SN GH—C—N—CH—C—N—CH—C—N— c— —C—HN—CH—C—NH,
N / / \ HaC | Hy0 / |
/ / \ CH, ~ CHyp CHs CH, CH,
20 / 1 \ i |
/ \ \ /\ c—0 CHy
/ A\
/ : l‘|JH2 CH,
/ |
//\&/ CH,
OH NH3*

NiHL

SPECIES UAV/AVATS
_1 _1 CH; O 0 o]
;\’max (8 / M Cm ) cl / —TH—C—H—TH—C—H—CH—C—H—CH—L'—NHZ

NiH, L (IN) | N
THZ

NiHL (2N)

NiL L (4N) 422 (84)
NiH_,L




Ni(ll) + Ac-Leu-Ala-His-Tyr-Asn-Lys-amide 1:2

100 F—

90

|

L

60

/
/

50
/\\

40 X
Jl >

: / \ | |
10 // /\\ // /\ \
— '/ ///K\// \\\\ ) \\M

) e

SPEcCIes

NiH-,L (4N)

NiL L (4N)

GAV/AVATS
(e/ M1tcmt)

)“max

434 (140)
437 (130)

CH; O o) o] o)
|l | - |- - Il
ﬁ /CH—C—N—(l:H—c—N—cl:H— —N—(|:H—C—N—CH—C—NH2
/C—N\ CH, CH, c|:H2 c|:H2
Ni
CH c=o0 CH
VAR / \ 2
) & b, L
2 2
o=C \\_NH |
\ CH,
CHs |
o] NH5



1. Al peptide models interact strongly with the metal ions over the pH range

5-10.5. The imidazole side chain of His is the initial metal anchoring group
while successive coordination of amide donors saturate the equatorial plane
leading to 4N complexes above pH~9

2 peptides hydrolytic cleavage in the presence of metal ions was observed only
when Ser or Thr residues are located near the coordination sites



* Synthesized SeEqUENCGES:

@ Peoiiels () E=S
AC-PEPAKSAPAPKKGSKKAVTKAOKKDGKKRKR-am
s NEPHHEN2)=(82-62)
AC-SRKOSYSVYVYKVLKOVHPDTGISSKAMGIM-am
s neptide(3)=(63-93)
Ac-NSEFVNDIFERIAGEASRLAHYNKRSTITSRE-am

s neptiden4)s(94-125)
AC-IQTAVRLLLPGELAKHAVSEGTKAVTKYTSSK-am



H2B;, ¢,

* Free peptide precipitates above pH ~ 7.8
* In the presence of Cu(ll) above pH ~10.5

« Ni(ll)1ons didn't interact with the peptide







single-stranded double-stranded
— —_—
cleavage cleavage

covalently closed
circular (CCC)

open circular (OC)




(1) supercolled popym wAxspdion
(1oyppd CUVESTPUPPEVD Cow EATTIKD KeANd10)

000000000

(1) open circular
(pe pite =ywom] om) pic wocide)

(iii) linear
(ypopptxr) popg)




* single strand breaks - production of
hydroxyl radicals in the bulk of the solution

« double strand scissions

— single strand breaks in close parts of the
DNA molecule

and/or

—> Site-selective mechanism that requires
binding of the metal ion with DNA right
before the production of the hydroxyl
radical.




H2B,, .,: AcS QSYSVYVY VL QVHPDTGISS AMGIMNH,
histone fold domain model -strong interaction with DNA-

« |. Cu(ll)/peptide/plasmid pUC19/H. 0O,

03 04 08 15 30 60




Emiopaon ioviwy Cuztoro mAacuidiako DNA

[NlocooTa supercoiled, open-circular kai linear TTAAcIOIOU ETTEITA ATTO ETTWOON UE
OI0POPEG OCUYKEVTPWOEIC XOAKOU (MECOG OpOG 2 TreipapaTwy) pUC19 (0.8 ug),
H,O, (1 mM)



Emiopaon 2upmAokwy Cuz' - H2B, ., 070
mAaouioiako DNA

B | N
C—/10cC
| — ey { &

—»¢— Plasmid

«  [loocooTa supercoiled, open-circular kai linear TAacpidiou ETTEITA ATTO
ETTWOOON UE OIAPOPEG OUYKEVIPWOEIG XaAkoU, H,O, (1 mM) kai H2B;, 4,
(8 uM) (uECOG OPOG 2 TTEIPAPATWY)



—— Plasmid

B N
——10cC

| — N e O &

—¢— Plasmid




Gels bands quantification results

« e plasmid exidative damage IS bigger
I PrESENCE ofithe peptide

« Double strand scission IS enhanced In
therpresence of H2B; -,



H2B,, .,: AcS QSYSVYVY VL QVHPDTGISS AMGIMNH,
histone fold domain model -strong interaction with DNA-

|._Ni{ll)/peptide/plasmid pUC19/H,0,

M C1 C2 2Ni 4Ni 8Ni 16Ni 32Ni 64Ni M -

H2B H28 H2B H28 H2B
H28 H28 8Ni 8Ni 2Ni 4Ni 16Ni 32Ni
H2B H,0,H,0, 8Ni 8Ni H,0,H,0,H0,H0, HO,H0,

2°2 272  oF i o N ot Tis OF e b Bt

2032 S G & 930 12 .13 M

M C1C2 1

H*M““M_-*y.,|

--.-----......._




B | IN

120,0 —0c

100,0

/1 CCC

j

—»— PUC19

80,0

X 60,0

40,0

20,0

0,0

0 2 4 8 16 32 64



Gels bands guantification results

INIE AV P (SURErCOIIEQ)(06) (Gpentcirculan (%) (linearn) (%) total (%)
NGO pept NG pept NO pept
0 41.7 58.3 0) 1K0J0)
2 26.1 70.0 3.8 1K0/0)
4 23.3 70.0 6.7 100
8 21.7 14.2 4.2 1K0/0)
16 10.0 66. 7 2575 100
32 0.8 65.8 32.5 99.2
64 0) 46.7 38.3 85.0




Gels bands guantification results

« Theplasmididecomposition in small
IragmMentSiS IESSIn the presence of the
PEpPlIdE (pPretective rele)

« Double strand scission IS enhanced In
therpresence off 2B, 5




Vet residues oxidation

ROS/RNI £Az08zpm 1 mETTIS 1K

COVAPET peBzioviong
MgpA/MgpB
CH2 CH2 *CHa *O0CH;

S L — S — *CHp (, *OOCH;
— |

Az 0Bzpm J covAgpolzibo I
wETTS1 pEBsioeion pEBztowteng CH; CH;

| |

r— CH —

Az0Bzpzg M) mEXTOWEG dAxvAo woi mEpo&p-pifzEg

N.S Nakao et al, 2003



H2B; o;: AC-NSFVNDIFERIAGEASRLAH,,YNKRSTITSRE-NH,

* Free peptide's structure in solution

CSl of H2B
63

93 B strand '
- -
4 \ gl
/T ‘\ ! ,yr
f_f - Y
random coil 22N . 0
Y g
SE ) ¢ \_/7
\ <\

a helix

1 3 5 7 91113151719212325272931

Reliable model of 63-93 residues of H2B histone-fold domain



Cu(ll)fcoprdination towards H2Bg; o5

\r‘gepétide IS considered as H-L

-

-



or

oM, ooOoC- (Glu)
§ H/N—AlgLRSAEGAlREFlDNVFSN—Ac

OH,

1 cH
HZO 144, I HZC/ \ (@]
v b3 —
C‘u\ / = CuH L
Hzo/§ N@ Y>> NKRSTITSRE-Am
| NH
OH2 \\\
\
Aae = C—VY>,NKRSTITSRE-Am
/CH_C\N/CH
N ., o
Ac-NSFVNDIFERIAGEASRL & P CH,
~—~—
or
CulL
(Glu) -coo —> N/
s H
pH = 8
o
HsC S 2
cH—C/ C—NH ©— H N
~ e J T NLLKRSTITSRE-AmM
HsC o N CcH cH
. —N s \ | T~ 2 //O
—<d < cH Hzc N &
H3C / Cu\ 2 CHZ 3 \ I /7 CH
HZC\CH_N/ — ceH—T—c _/ Y>1NKRSTITS
< O = N, I N RE-Am
/ ~Cu
N
H HO HoC-CH—N=—" TT—oH,
cHi \
R,,SAEGAIREFIDNVFESN-AC HzC CH, R17SAEBEGAIREFIDNVFESN-Ac
CuH L
4
pH = 9.5
Hs o
N // c Q,
HsC o CH—cC NH iy
\ \ ~ _CH S~ T NLLKRSTITSRE-Am
_—CH \ cH
H3 \ C—’—N,,, =5 \ \
. / e CH, CH>
S —
CH /
\N/ \N N\ CuH 5L
| NH 2
AC-NSFVNDIFERIAGEAS,;s <X . N
NH>
HZC\C\ /N*C\\®
c
H- a0 NH>




Ni(ll)iceardination towards H2B; o3




Ni(ll))coardination tewards

SE N —A19sLRSAEGAIREFIDNVFSN-Ac

/

Hzo/z,,/,' i .“\O H2 HZC /(:\H

ONE .
i /7 Y, NKRSTITSRE-Am
H,O ; NO o

=

AC-NSFVNDIFERIAGEASRLA g9

Y, NKRSTITSRE-Am

NiH ;L and NiH _sL

AC-NSFVNDIFERIAGEASR




Ni(ll) coordination towards H2B; . NMR studies pH~10

« Structural iInformation

I consensus
B consensus (Ni)

B strand

CSI confirms the big conformation
change

& Transition from a helical and beta random coil
conformation from G13-T28 to a a-
helix only in R17-L18-A19-H20

P

Binding site!

a helix

Adoption of a unique backbone
geometry around the metal!



-

113 amino acid

TF = 0.023 + 0.009 A2 Mean structure: E = 3630.09 kcal/mol
RMSD (3-11) packpone= 0-10 £ 0.0 Optimized structure: E = 134.66 kcal/mol
RMSD (3-11) peay= 0.37 £ 0.08 A

Mean
Optimized



Ni(ll) coordination towards H2B; .; NMR studies pH~10

* Seme Interesting features of the structure




Ni(ll) coordination towards H2B; . NMR studies pH~10




H2B,,,;: Ac-NSFVNDIFERIAGEASRLAH,,YNKRSTITSRE-NH,

« |. Cu(ll)/peptide/plasmid pUC19/I ,0,

04 08 15 30 60

H2B"H2B" H2B" H2B" H2B"H2B"H2B"
H2B”  H2B"3Cu 3Cu 0.3Cu0.4Cu0.8Cu1.5Cu3Cu 6Cu
H2B"H,0,H,0, 3Cu 3Cu H,0, H,0,H,0, H,0, H,0, H,0, H,0,H,0,

MECECE T =3 a4 e hth 6 S XS 9010:11 12- 13 14" M




Gels bands guantification results

Cu®* concentration — Agregate
e | N
—0C
== CCC

03 0375 075 15
[CQu] LM

H-B 3 uM

0375 075 15
[Cu] (M




Gels bands guantification results

H2Bg;. o3 Cu?* strand break

Cu H202 H2B" Cu
H202

DNAdamage was ehsened only with Cu(ll)/H,0, and
Cu(i)/H>O5/peptide combination

[ihe damage extent was more pronounced in the later case
especially doeuble strand scission



« |1, Ni(lD)/peptide/plasmid |:)U(319/H2C)Z

NiZ*

enhancement of DNA double
strand scission and degradation
In'the presence of the peptide




NI(I1) concentration effect

H2Bg3.93 NiZ*

8 16 32 64
[Ni] =M

« ennancement of DNA double strand scission
and degradation i the presence of the peptide



The effectiveness of Ni(ll) to induce DNA clee
the presence of H,O, was rather surprising since Ni(l

-

is redox inactive under physiological conditi /
S : <l _ . -

Ni(ll) is only possible to generate DI

breaks, through the production o

the solution 2 e

- - -

L )
\ |
e

P e @, ssion may derive
fi e strand break in the open
.4 of the peptide

I

K /eob—»open-circula'r Kor open-circular — linear

o -

' - o~

-



« AL Coordination properties

15 Culhrand Ni{l)r1ens can form stable complexes with
the histene H2B peptides all over the pH-range 3.5 —
44!

2. At lew pH wvalues beth Iens Iinteract with the
Imidazele N3 nitregen atem

3. Very stable Cu(ll) 3N complexes {1N.., 2N} are
formed at physielegical pH values (~7.4)

4. AN {IN.., 3N} yellow coloured square planar
diamagnetic Ni(ll) species predominate over pH~8

5. Structural rearrangements upon coordination



« B HVArelyiic properties

1L Hydrelyticrcleavage was only observed
I the case of peptides; containing
o) [esidues near the coordination
Site

« C. Oxidative properties

1. In the presence of both long peptides,
enhancement of both single/double DNA
strand’ scission and degradation IS observed,
more pronounced in the case of Cu(ll) ions



This work strongly su
histones may be the
metal 1on  binding.

pports the fact that
orime. candidates for

Possible metal 1on

mediated hydroelysis or oxidation of either
histones or DNA as Indicated Iin this study
could cause cleavage of the nucleosome core
and/or DNA mutations leading to cancer.
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