APXE2Z XHMEIAX

i Mopiakn I"'ewueTpia kal Oswpia Tou Xnuikou Aeopou Il
Amootorog K. Pilog

Kabnyntie Tunuatos Xnueiog
Hovemotnuiov Kpntyg

e-mail: rizos@chemistry.uoc.gr, rizos@iesl.forth.gr/ax.htm
Web: http://www.chemistry.uoc.gr/biopolymers

['papeio: 1206




J T 2ootmpa Hektpoviric x \ % Settings

€->CnH https://elearn.uoc.gr

MANEMIZTHMIO KPHTHZ
Zootnua Alaxeipiong Maénong

Apxn

Eiocobog

Ovopa xpiotn

Ea

walxég TpoéoRacns

) Na amo8nkeurtei To

6vopa xpriom

ZgXA@oaTe TOV KWAIKG Oag;

Kupio pevou

(2 Néa Tou IoTOWPOU

Ea

la va eioayBeite 6T0 cUCTNUA
XPNOIUOTTOINCTE TO email Kai To
password Trou 81a8ETeTE OTNV
Ytnpeoia KaraAéyou (LDAP) Tou

MaveTmoTnuiou.

Ol QoITNTEG TTOU EiTE DEV

yvwpigouv Ta oTOIXEIC TOU

Aoyapiagpou Toug oTnv YTnpeaia
KaraAdyou (LDAP), eite éxouv
Eexdoel Tov KwdIKG TTpocRacng,
Ba TTpETTEl va aTTEUBUvoVTal OTN
[pappareia Tou THAHATOS TOUG.

Ta péAn AENM TToU Bev yvwpilouv
TO GTOIXEIC TOUG OTNV YTINPETia
KaraAdyou (LDAP) utropouv va

rrdliuiming Aranail ~ra

KaTtnyopieg padnuarwyv

¥ ZOPTTTUEN AWV

P Moaudaywyiké Tuipa Anportikig Extraideuong (8)
P Mandaywyiko Tunpa MpooxoAiking Ekmaidsuong (7)
> TuRpa BioAoyiag (5)
D Tpnpa Emotipng YAIkwy (1)
v TuRpa EmotApng YmoAoyioTtwy (23)
D MeTATTTUXIOKA HOBApaTa (9)
D TuApa latpikng (40)
D Tunpa lotopiag kai ApyaioAoyiag (116)
> TuRpa KoivwvioAoyiag (2)
P TuARua Mabnpatikwy kai EQappoopévwv MabnpaTtikwy (12)
D TuRpa Oikovopikwy EmoTtnuwy (2)
> TuApa MoAiTikig EmoTAung (16)
P TuRua ®i1AoAoyiag (2)
D TuRua ®i1Aocoikwy Kai Kolvwvikwy Zmroudwy (1)
P TuRpa ®UoIKNG (2)
b Tprpa Xnpeiag (1)

Aev éxeTe €10€AB¢1. (Eicodoc)

EAAnvika (el)

KaAwonpBare 1o Véo gUOTNHA
NAEKTPOVIKAG HGBnong Tou
MavemoTtnuiou KpATNgG, T0 0TT0i0
OUVOEETAI UE TNV UTTNPECIA
KATaAGYOU yid TOUg Aoyapiacuoug
TWV XPNOTWV.

Ma Vv KaAUTEPN EPTTEIpia
XPAONG XPNOIHOTIOINCTE TA
akoAouBa TTpoypauuaTa
Trepiynong: Chrome, Firefox,
Opera, Internet Explorer, Safari

H mTaAaiétepn £kdoon Tou
CUCTAMATOG Eival TTAEOV
TpooRaacipn oTo http://old-
elearn.uoc.gr.

Calendar =l |

< OxTwppiog 2014 >

Kup Aeu Tpr Ter Mep Mop ZaB

1 2 3 4
5 6 7 8 9 10 M1
12 13 14 15 16 17 18
19 20 21 22 23 24 25
26 27 28 29 30 31

TeAsuTaia véa =N - |




EpwTnuatikd otn Oewpia AcopoU-oBEvoug

To meipapa deixvel 611 TO O, gival TTAOPAPAYVNTIKO

=0

0 aouleukTa e

@a ETTPETTE VA gival
dlauayvnTiko

Oecwpia Mopiakwyv TpoxIaKwyV — dETHOI

dNMIoUPYOUVTAl ATTO TNV AAANAETTIOPACH ATOMIKWY
TPOXIOKWYV JE OXNMATIOHMO HOPIAKWY TPOXIOKWV.




Otwpia Mopiakwv TpoxXIOKwWYV

e HOcswpia twv MopLakiv
Tpoxtakwv sival pa Bewpia
NS NAEKTPOVIKAC SOUNC TwV
Loplwv pe faon popLoka
TPOXLOKA, TOL oTtolal TtopEL va
ektelvovtal o SLadopeTika
AToua 1 Kol o€ OAOKANPO TO

LLOpLO

Repulsion (+)

0

Internuclear
distance

L

Potential energy

e Jtn Bswpla avth, KABwWC Ta
Atouo Tpooeyyilouv To Eva TO
AAAO, TO TPOXLOLKA TOUC
ETILKAAUTITOVTOLL KOl ,
oxnuatilouv LopLoKd W
TPOYLOKA

( = H atom

Attraction (—)
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TOL ATopa tpooeyyilouv TO

£Vl TO AANO, TO TPOXLOKOL 35
TOUC ETILKAAUTITOVTOL KOLL
oxnuati(ouv popLoka
TpOXLOKOL
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— MaBnpoatikd, To LopLaKO
TPOXLOKO Elval Evag
VPOUULKOC CUVOUAOUOC
OTOULKWV TPOXLOKWV
(LCAO)

Energy (cm ™' x10°)

A

— Ao tov ouvbuaouO TLY. 2
SUO ATOULKWY TPOXLAKWV
Ba npokvPouv duo
uopLaKd TpO)(LOLKéL. . Baow nlexmpov. katdotoon
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E¢iocwon Schrodinger
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T, ——Zalz—lvlava
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N, Ny 7
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b> ab

Ne Ne q
Vee . er_
i ij

N, Ng Z
V=33
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Kinetic energy of electrons

Coulombic energy between nuclei

Coulombic energy between electrons

Coulombic energy between nuclei and electrons



Oeswpia Mopiakwyv Tpoxiakwyv — H,*

The Hamiltonian for H,

1
h e’ 1 e’ 1 e’ 1
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Al 2mg Arey Y dme, Yy  4d7ms, R
@ R 5
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I Kuwmntikn evépyeta tov nAektpoviov I

I EAEn tovnhextp.land to A

EAEn tovniektp.land to B




OQcwpia Moplakwyv TpoxIaKwyV
2UpBoARn (Constructive Interference)!!

+ . +

1s Gl\f 1s

ATTO0TOON METAEU ATOMWV
In phase
(constructive interference)

+ o+

AgOUIKO HOPIOKO
O ( Tu Hop
POXIOKO)

AucnuEvn NAekTpov. TTukvoTnTa (MElwvel TNV E)



KataoTpetrTiIK) CUMBOAR!!

o+ KOMBIKN eTTIpavela
- 1S;

ATTéoTagn METAEU ATOMWV

Out of phase

(destructive interference) KopBikr emeaveia

+ —
1s, A (AVTIOEOMIKO HOPIaKS TPOXIOKO)

MelwpEVN NAEKTPOV. TTUKVOTNTA



2TO LOPLOKO TPOXLOKO, T
NAEKTPOVLO KOTEXOUV XWPO YUPW
arto toug SUO TTUPAVEC Kol LETOED
Twv dUo MUPAVWV.

Otav to e Bpioketal peTaL TWV
OU0 ATOMWV, TO e EAKETAL KAl Ao
ToUu¢ SUO TTUPNVEC.

— QUTNA N KaTtdotoon ival o
otaBepn oe oxéon e ta dvo
EexwpLoTA atopa

Electron
density

Attractlon

® Nucleus

Repulsion




Av BEWPNOOUNE TA ATOMIKA
TPOXIOKA CoQV HOBNMATIKEC
CUVAPTAOEIC TTOU
QVATTAPICTOUV TNV e
TTUKVOTNTA, TOTE YIA TOV
OXNUATIOKO HOPIAKWYV
TPOXIOKWYV TTPETTEI £iTE VA TA

- TTPOCBECOULE

£iTE VA TA
- QQAINECOULIE

Otwpia Mopliakwyv TpoXIaKwWYV

Waves reinforce

X
& P A

/‘ Distance
Nuclei

Waves cancel

Distance




e [lowa eival n Stadopa
LETAEL EVOC deOULKOU
KoL EVOC un deoutkou
(avtibeoutkou) (evyouc
NAEKTPOVIWV;

— To éeoutko Leuyocg
nAgktpoviwv polpaletal
pHetaéL dUo ATOUWV

— To un éeouiko
(avtibeouiko) {evyog
nAgktpoviwv dev
OUMMETEXEL OE XNHLKO
deouo




Ocwpia Mopiakwyv TpoxiaKwyv

/, KouBIKA eTTIpAveEIQ
To popro Tov H, Y N

@

I I TOKVOTNTUC
f '

K3 K3

Avnideckd Moplako Tpoyiawo =
TEPLOYT] LEIGUEVI|S TJAEKTPOVIKIS

Agoud Mopoko TpoyaKo =
TepLoy1] GLENUEVIC NAEKTPOVIKIC
L TUKVOTITOC
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Taén Aeouov (Bond Order)

\) OQcwpia Moplakwyv TpoxiaKwyv
/

]

* [1000 SECKOC KOL TTOCO OLVTILOECHLKOC XOPOKTAPOLC
vplotatal kata TNV aAAnAenidpaon petaév Twv SVUO ATOUWV

e H Taén AsouoU (Bond Order) avadepetol otov aplOpo twv
OECUWV TTOU UTIAPYXOUV METAEL TWV SUO ATOUWV

Ta&n Aeopov = 1/2(n, - n,,)
— OTov

n, = apLONOG beoHKWV NAeKTpOViwY
n,, = aplOuog avildeoHIKWV NAEKTPOViWY

— OeTkn akEpata Tun taénc deopou pac divel tov aplOuo
TwV Og0UWV PeETAEL TwV SUO ATOUWV

— Taén Asopou=0 onuaivel OTL TO HOPLO £ival TTOAU aoToBEC



| Oeswpia Mopiakwv TpoxIaKwV
Taén Aeouov (Bond Order)

> s 2

*
O-1s

e AC MTAPOULE TL.X.
H1s H1s

E=t0iH,

Taén Asopov = (2-0)/2 =1

— 10 He
Taén Asopov = (2-2)/2=0
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EvEpyeia

Moplaka TpoxIaKd

——
ATOMIKS TPOXIOKO // o1 18, 155\\ ATOMIKO TPOXIOKO
/ \ 7 )
. <_/ \ / \_/
\ /
\ /

\ \FD_/

Ti1s=1s,+ 1sp

H,* Taén Aeopov =(1)/2="%
H, Ta§n Aeopou =(2-0)/2=1
He,* Taén Aeopou =(2-1)=%
He, Ta&n Aeopol =(2-2)/2=0



OQtwpia Moplakwyv TpoxiakwyV

Taén Aecuod (Bond Order) N

HAextp. dropopemon Taén deocpov  EvBaAmio 6ecpov Mnko¢ deG o0
H; () z 255 1.06
H, ().) l 431 0.74
He, (o,)(a}) 2 251 1.08
HEZ (ﬂr].s')z(c"'-?!ﬁa')2 0

H, > H,*, He,* > He,

H,>H,">He,"> He,



e Juvoyn:

H Oswpila Moplakwv Tpoxlakwv eival évac AAAo¢ Tpomnog neplypadrg Tou
XNUKoL deopou

To pHoplLoKO TPOXLAKO oplleTal oav YoaUULKOC OUVOUXOUOC ATOULKWY
TOOYLAKWV

Ta SLaypAppATO LOPLOKWYV TPOXLOKWY OEXVOUV TO TIWE TTOPOOLOL ATOLLLKAL
TpoXLaKA aAANAETILOpOUV HETOEL TOUC YL VAL OXNMATIOOUV OETULKO KOl
aVTIOEOULKD LOPLOKA TPOXLOKAL

HAekTpoOvLa 0 SECULKA LOPLOLKA TPOXLaKA auéAvVouV Tn otabepotnta Tou
Lopilou

HAektpovia o aVTIOEOULIKA LOPLOKA TPOXLOKA EAQTTWVOUV TN oTafepotnTa
Tou popiou

H Taén Asopov (Bond Order) pag divel mAnpodopieg OXETIKA LE TNV
otaBepoOTNTA EVOC LLopilou
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ZuvApTnon akTIVIKAC mTI8avoeTnTac (41 r2y 2) = mlavoTnTta va Bpedei To e o€ aTréoTAON I ATTd TOV TTUPAVA
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KouBikn
ETMIPAVEIQ

b
KouBikn
ETTIPAVEIQ

=1
m|:1,0,-1

3 TPOYLOKE 6€ 3 SLOPOPETIKES KATEVOVVOELS

Xy

KouBIknA
ETTIPAVEIA




AnpLoupyLkn cupBoAn

Jesd DG

2p,, A -2p,, B Oz, (AEOUIKO HOPIOKS TPOXIAKO)
ATOMIKA TpOXIaKA Mopiaka TpoxIaKa
Kataotpemtik cupBoAn KopPikn) emubdvela

_>J‘+

2p, A 2p,. B 6"2,,z (AVTIBETUIKO HOPIOKS TPOXIOKO)



KouBIkn emi@aveia

(b) EEP: (AVTIOEOUIKO HOPIaKO TPOXIOKO)

2Py A 2Py B

(a) Tap, (AeOMIKO poplakd TPOXIOKO)

ATOUIKA TPOXIOKA Moplakda TpoxIaKka






* YTapxel 1o Be, ;

OQcwpia Moplakwyv TpoxiakwyV

['la 1o Be,

Evépyeld ——»

15 (613)2 (6*13)2 (623)2(6*23)2

[la 10 N,

| Atopo

Mopio N,

- (Gls)2 (G*ls)2(023)Z(G*ZS)Z(WZp)4(62p)2




Otwpia Moplakwyv TpoxIakw

+ O
ls ls 1g ls
H H H,

H 1tpéobeon tpoyraxdv
dnpovpyel nAektpoviky
TIVKVOTNTA OTNV TIEEPLOYN
ETKAAVYMG

Agopkd tpoyrard

H agaipeon tpoyrakdv
KataAfjyet o€ yapnAy
NAEKTPOVIKY TIVKVOTNTA 0TV
TEPLOY ETKAAVYNG

ls ls Avudeopkod TpOXl(lKéI




OQcwpia Mopiakwyv TpoxXiaKw
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MeydAn 2s — 2p aAAnAeTTidpacn

Mikpr 2s — 2p aAAnAeTTidpaacn

B,
G*gp,
T*3p
92p
o | 1] 1
G%2s ts
Gas K

C;

N,

IRIRE

te

Ty
T

telt

te
ty

T*yp,

0,

Tt

tells

te
te
te

F;

RAIK

IRAIR;

Ne,

ty

te

K

te

te

te

te

te

Tiden Geopod 1

EvfBahmio

Gegpol
(kJimol) 290

Mrikoc Seouol 159
(angstrom)

MoyvnTiEnR M :
SULTTEDIgOpG POy VTITIED

2

620

1.31

Aiaporywrmikd

3

941

1.10

Mooy miED

2

495

1.21

MopayomrynTiE

1

155

1.43

Aapoyvnmikd

KabBwc¢ aufavetal n Tagn Secpou n evépyela SECHOU QUEAVETAI EVW TO HAKOC SECTHOU HEIWVETAI
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Evépyela

yia Ta NAEKTpOVIa o0BEvoug Tou F,

AlqypapHa HOPIOKWY TPOXIOKWYV

21,6 eV xopunAotepa amo ta 2p

’l \\ o.*zp
! \
7 1
/ \
/ \
& \
/ \
/I /: A :\ \\ Tr*Zp
2p /’,/”/ AV V ‘\\‘: 2p
————— A — %
N iy - '|'|'2
\\\\ VLI v ,,, p
1y T2p
21,6 eV
’ “ S
BT %y -2
7’ \
2s . ) 2s

1 ¢ o
AR '5(“'.,‘:5'_-"\- ; ¢ Ry ;,)'-LS
— + .*:: ."‘/

® s-p avapelén apeAnTEa SLOTL TO 2S ATOMLKO TPOXLAKO BplokeTal




1 AIGYpPOMHO HOPIAKWV TPOXIOKWV
¥ yia Ta nAekTpOVIa oBévoug Tou F,
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A AT
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xdp.n)\étspa OTto TaL 2p ATOMLKA Tpo)Llakad (deite TIc dtadopéc petalL Tou 20 Kal
30 tou N, o€ oUYKpLON UE TA AVTLOTOLXA TPOXLOKA Tou F,)

EvépyeLa
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H dtadopd eveépyelag avaueoa ota 2s Kol 2p Tpoylaka avéavetal (12,4 eV
otoN,, 21,6 eV oto F,)

—  KoBWC auEAVETAL O ATOULKOC aplOuog. TO TTOCOOTO AVAULENG OTASLOKA UELWVETAL EWC
otou n dladopa evepyelag Ba yivel tooo peyaAn (ko auto Ba cupBel oto O,)
onote aAAALEL N OELPA TOU 0,,(3G,) Kat Tou T,,(17,).

H svEpYELO TWV LOPLOKWV TPOXLAKWY LELWVETOL KABWC AUEAVETOL O ATOULKOC
apLOuog




HAEKTPOVIKEG DIOHOPPWOEIS ME XPHON
MOPIAKWY TPOXIONKWV

TABLE 18-2 Molecular Orbitals of Homonuclear Diatomic Molecules
Number of Ground-State Bond
Valence Valence-Electron Bond Bond Enthalpy
Species Electrons Configuration Order Length (A) (kd mol™")
H, 2 (6,.)? | 0.746 436
He, 4 () (o) 0 Not observed
Li, 2 (05,)° 1 2.67 106
Be, 4 (02)%(0%) 0 2.45 9
B, 6 (020 (%) (7r3,)° | 1.59 297
c, 8 (02)%(0%)(75,)"* 2 1.24 607
N, 10 (02)%(0%)(7m3,) (05, ) 3 1.10 945
0, 12 (@20 (@505, Y (am,) () 2 1.21 498
F, 14 (@22 (Y0, ) () I 1.41 158
Ne, 16 (0'1\.)2(05‘.,\)2(0'2,,:)2(172,,)‘(1';'3",,)‘(0'3‘1,:)2 0 Not observed




Evépyela deopouU vs. Tagn Asopou

1000 N

900 -
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400 +
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200 -
100 -

0

Evépyela deopou (kJ/mol)

Taén Aegopuou

Tag Evépyeia Mnikog
Mébpio Aso ?)0 Agopyol | Agopou
HOU kaimol) | (pm)
Li, 1 99.4 267
Be, 0 0
B, 1 290 159
C, 2 620 131
N, 3 942 110
O, 2 495 121
F, 1 143 143
Ne 0 0

Mnikog Ascpou vs. Tagn Asopuou

Mnkog AgcpoU (pm)
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\) Otwpia Moplakwv TpoxiaKwv

/

000 110 KOVTA (evepyelakd) BpiokovTal Ta ATOMIKA TPOoXIOKA (AT) KATAAANANG CUMMETPIAG,
TOOO TTIO ATTOTEAEOMATIKA Ba gival N aAANAETTIOpOON TOUG PE CUVETTEIO TO OXNUATIONO
OTABEPOTEPWY DECHIKWY HOPIAKWY TPOXIOKWY KAl GOTAOECTEPWYV AVTIOEOUIKWV.

AT(1)

1 “ 1
1 \ ] \
1 \ 1 \
1 i 1 \
1 \ 1 \
/| \ ] \
1 \ 1 \
1 \ 1 \
1 \ 1 \
1 \ '
1 i \ \
1 i \ \
g \ \ !
1 \ “
AT(1) \
! \
\\ K \ \
1 \ /
' '
\
\
\
' !

\
\ \
\ \
\ \
\ \
\ \
\ \ '
\ ! \ \
AT() - AT(2 ’ ‘ \
A 1 , \ \
\ ! / \ \
\ ! \ \
\ ' ‘ ! AT(2) | |
1 \ ' \ \
\ \ [ \
\ ! \ 1 \ -7
\ ! \ h \ -
\ K \‘ ' -
\ 1
\ ! \ h
\ 1 \ '
\ 1
\ [ ‘ ' AT(2
\ 1
\ ]
\ [

> AT(2)
OpoloTToAIKOG [MoAwpévog OpoIoTTOAIKOG lovTIKOG

A(EN) < 0,5 2 > A(EN) > 0,5 A(EN) > 2







) Ocwpia Moplakwv TpoxIoKwV

PYELOKA ETMES 0L TWV PLOPLOKWVY TPOXLAKWY TPOoSLoPL{ovTaL PE TNV TEXVLKNA

¢ @wtonAektpovikn¢ Pocpotookoniag
(Ultra-Violet Photoelectron Spectroscopy UV-PES)

— Ta popta BopPapditovral pe UV dwtovia
vpnAnc evepyetoag ( 21,1 eV).

— 'Eva pEpoC TNG evepyelag (loo pe to
SUVOULKO LovTlopoU / Tou pHopLakou
Tpo)LaKkoU oTo omoio BplokoTtayv 1o e)
XPNOLOTIOLELTAL YLla VO eyKaTAAE(PEL TO e
TO LOPLO EVW TO UTIOAOLTTO TIOLPOLLEVEL OOV
KWNTKN evepyeLa E,.

— Metpeital n KNtk evepyela £, twv
dwTtonAeKTpOViwY £T0L WOTE va
UTtOAOYLOTEL TO / ATTO TNV O)EOoN:

PWTONAEKTPOVIO

NE=N

\{]V\
dwTtdvIo UV

N=N"

Katiov N,

I=hv-E,=21,1eV-E,



Kartiév N,

H popdn kat o aplOpoc twv Kopupwv
Sdlvouv mAnpodopiec oxeTika Ue ToO €i60¢

TOU TPOXLOKOU artod To omnolo mponABe to
dwTtonAeKTpPOVLO.

UV-PES ¢@daopa tou N,

Vibrational
levels

_/=156¢eV_

I=16.7 eV

/=188 eV



Ta poplaka Tpoxiaka tou H,O

o,(k)=Yc,p(k) s yah,

=1s, 2s, 2p,, 2p, 2p, v O
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Oeswpia Moplakwv Tpoxlakwyv (C H,)
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Ta avTIOEONIKA HOPIaKA
TPOXIOKA £XOUV TOV
XAPAKTAPA TWV

UWPNAOTEPNG EVEPYEIQG
OTOMIKWYV TPOXIOKWV

Ta OeOIKA poplaKa
TPOXIaKA dlaTnPOoUV ToV
XAPaKTAPA TWV

XAMNAOTEPNG EVEPYEIQG
OTOMIKWYV TPOXIOKWV
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EvéEpyela
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RN Ailaypappa Mopiakwyv
‘. Tpoxiakwv Tou NO
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HAektpov. duapopdpwaon tou NO:
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To SECULKA LOPLAKA TPOXLAKA SlaTtnPOoUV TOV XapaKTpa
TWV XAUNAOTEPNG EVEPYELOC ATOULKWY TPOXLOKWV




The cooperativity of nitric oxide hemoglobin ligand exchange in single
crystals as studied by EPR?

D. C. Doetschman,” A, K. Rizos, and J. Szumowski
Department of Chemistry, The State University of New York, Binghamton, New York 13901

(Received 12 January 1984; accepted 20 April 1984)

Single crystals of human oxyhemoglobin are exposed to aqueous solutions of nitric oxide at pH 6.7
and 6 °C. The EPR spectrum of crystals at 85-100 K selected after various times of exposure to
NO are recorded. The intensities of the alpha and beta subunits are determined from the ¢ axis
spectrum of the crystal. With NO in stoichiometric excess, crystals sampled early (3—200 min)
display the EPR of molecules with NO bound to an average of two alpha and one beta subunit.
The NO diffuses into the crystals with a diffusion rate constant of 1.5 X 10~% cm? s~ '.The NO
binds to the last beta subunit at a rate of 5.1 X 107°s~".

assumed for the NO generation. Since the NO solubility in
water at 4 °C is around 3-4x 10~ * M, the sealed vials of
I 240 solution with the 3.3 10* mol ratio are saturated in NO.
N The initial NO concentration is 4.2 X 10™* M in the 6.7 mol
T 480 ratio solution and it is probably also saturated.
5 A typical spectrum from the series with a mole ratio of
S 1620 3.3 10* after a 72 h exposure is shown in Fig. 1. Each spec-
! trum was fit by the derivative dI /dH of a spectrum intensity
T function I with respect to the field /. Equation (2] gives the
Y ﬂj\\\/w expression for the derivative df /dH.
5760 3 ! !
dI /dH =
fg' m?'cg -1 m!'i‘g— 1
(S;/AH})[H — H; + A°m}° + 4 *m}™
TN BT B _ NO,, NO his 4 hisY2
3100 3200 3300 3400 }{exp{——Z[H H'+A’d;‘ AT ] }
i

H (GAUSS)

7IG. 3. The experimental and fitted single-crystal NO hemoglobin EPR

(2)



NO is a bioreactive free radical that is
produced in cells by nitric oxide 0
synthase (NOS). i

e NO plays a myriad of roles in cellular
biology. It is a

— vasodilator (ayyelodLaotaAtiko)
(Moncada and Higgs, 1993; Waldman
and Murad, 1988),

— neurotransmitter (Moncada and
Higgs, 1993), and versatile signaling
molecule, mediator of intracellular
pathogen destruction by phagocytes
(Moncada and Higgs, 1993),

— redox reactant (Beckman et al., 1990).

e NO s alsoinvolved in o
. |
— gene expression (Bogdan, 2001), H; Hy* Hzm\r,;w HN._ @
— platelet aggregation (Broekman et al.,
?991) angg & ( NH 1 eq MADPH NH 0.5 eq NADFH NH .
’ —_— —_—
. 9 9
— male sexual function (Ignarro et al,,
1990)
Ha COOH HaN"" ~COOH HaN"" ~COOH
L-Arginine NG-Hydruxy-L-arginina Citrulline

(MHA)

Mitric Oxide



They represent chemically useful forms of stored energy.

They are the power sources that drive the energy requiring activities of the
cell, including biosynthesis, movement, osmotic work against concentration

gradients...
NH, H H O
7 NH,
— _ _ M - — N C
? ? ? <f | | y | ™ NH, o m O~ /N -— = N
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ATP NADPH L
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NADPH (avnydévn Hop@r) TOU QuOQOPIKOU VIKOTIVAUIDO-AdEVIVO-OIVOUKAEOTIOIOU)



itric oxide synthase (NOS) produces nitric oxide (NO) and
citrulline from arginine, molecular oxygen, and NADPH

o
2 ﬁ:{NHE NADPH + O HG.H={”H1 1/2 NADPH + O3 =y T WU
2 NH
L NADP* + Ha0 C 112 NADPY + H-0

NH MH
- + - +
NH (MH3 Sk
L h 3
0 G' H ° H
H o 0
] = _
L-Citrulfine
MCHHLA

H


http://en.wikipedia.org/wiki/File:NOSreaction.gif

 NO inhibits free radical-mediated chain propagation
reactions such as lipid peroxidation induced by

— H,0, and ferrous complexes

— lipoxygenases (a family of iron-containing enzymes that
catalyze the oxygenation of polyunsaturated fatty acids)

— low-density lipoprotein (LDL) oxidation and

— linoleate lipid peroxyl radicals
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Prooxidant Activities of Transition Metals

Formations of alkyl free radicals
mmmm—) by direct reaction with fats and oils.

e + RH —>» Fe +R  +H'

Hydroperoxide decomposition
meees) t0 fOorm peroxy or alkoxy radical.

S+ ROOH —» F& + ROO-+ H°
Fe’* ROOH —» Fe + RO 4+0OH

+



* NO reacts with LOO" and LO (lipid alkoxyl radicals) and the rate
constant for NO reactions with LOO' is greater than with the
antioxidant a-tocopherol (vitamin E) (ratey,/rateTOH=20:1).

LOO®™ + 'NO - LOONO LOONO + H,O0 - LOH + H" + NO4

— A concentration of NO of only 2 nM would provide antioxidant
protection for membrane lipids equal to that of vitamin E.

NO and a-tocopherol synergize to inhibit lipid peroxidation in
membranes

— The lipophilic solubility of NO positions it preferentially in membranes,
since many lipid-derived free radicals are generated from
polyunsaturated membrane lipids.

— NO has also been shown to protect normal cells

e such as cultured heart cells, hepatocytes, intestinal epithelium, endothelial cells
and fibroblasts



Nitric Oxide Inhibits Iron—Induced Lipid Peroxidation

in HL-60 Cells'

Eric E. Kelley,* Brett A. Wagner,* Garry R. Buettner,T'f and C. Patrick Burns**

*Department of Medicine, TDepartment of Radiology, and the ¥ Electron Spin Resonance Facility, The University of lowa

College of Medicine and The University of lowa Cancer Center, lowa City, lowa 52242

Archives of Biochemistry and Biophysics
Vol. 370, No. 1, October 1, pp. 97-104, 1999

IDEALY
Article ID abbi.1999.1386, available online at http://www.idealibrary.com on %

Nitric oxide ("NO) can protect cells against the det-
rimental effects of reactive oxygen species. Using low-
density lipoprotein as well as model systems, it has
been demonstrated that ‘NO can serve as a chain-
breaking antioxidant to blunt lipid peroxidation. To
test the hypothesis that ‘NO can serve as a chain-
breaking antioxidant in cell membranes, we examined
the effect of "NO on iron-induced lipid peroxidation in
human leukemia cells. We exposed HL-60 cells to an
oxidative stress (20 uM Fe?*) and monitored the con-
sumption of oxygen as a measure of lipid peroxidation.
Oxygen consumption was arrested by the addition of
‘NO as a saturated aqueous solution. The duration of
inhibition of oxygen consumption by "NO was concen-
tration-dependent in the 0.4-1.8 uM range. The inhibi-
tion ended upon depletion of "NO. The addition of 'NO
prior to initiation of peroxidation delayed the onset of
peroxidation; the nearer in time it was before Fe®*
addition, the longer the inhibition. Depletion of cellu-
lar glutathione levels by b,L-buthionine-S, R-sulfoxi-
mine prior to Fe’* addition resulted in a more rapid
initial rate of oxygen depletion and a shorter time for
the ‘NO-induced inhibition of oxygen consumption.




NO inhibits iron-induced lipid peroxidation

(The rate of O, consumption of HL-60 cells (human neoplastic cell line))

The background rate of oxygen
uptake of the HL-60 cell suspension
before the addition of Fe?* was 10
nM/s.

-

~~

/,{‘-'-..
Upon the addition of 20 mM Fe?*, === ¢
hi : o, 200-
this rate increased to 220 nM/s. =
2
—| Fe?* (20 mM) was added at the first s
arrow and subsequently NO (1.8 mM) .
was added (other arrows)
150 : . , ' . : ;
When NO was added the O, 0 4 8 12
Time (min)

consumption was inhibited for a

period of a few minutes and then it
resumed at near its initial rate until
the reintroduction of additional NO.

Lower dashed line is a control of HL-60 cells
subjected to Fe?*-induced oxidative stress in the
absence of NO addition.




When cells are exposed to
Fe?* there is appreciable
loss of cell membrane
integrity.

The addition of NO
decreased cell membrane
damage (leakage).

‘NO interferes with lipid peroxidation

by providing alternative ways to chain termination

% T Trypan Blue Exclusion

70 A

—— 'NO
—O— control
; 1‘0 1'5 2'0
Time (min)
LOO® + *"NO - LOONO
LO*+ *NO — LONO
L'+ *NO - LNO
e ——




Am J Physiol Heart Circ Physiol 292: H1931-H1936, 2007.
First published December 15, 2006: doi:10.1152/ajpheart.00755.2006.

The olive o1l antioxidant hydroxytyrosol efficiently protects against the

oxidative stress-induced impairment of the NO® response of 1solated rat aorta

S. J. Rietjens," A. Bast,! J. de Vente,” and G. R. M. M. Haenen'
Departments of 'Pharmacology and Toxicology and *Psychiatry and Neuropsychology,
Faculty of Medicine, Maastricht University, Maastricht, The Netherlands

The Mediterranean diet, which i1s abundant in antioxidants, i1s associ-
ated with a relatively low incidence of coronary heart disease. Olive
oil and olives, which contain the antioxidants hydroxytyrosol, oleu-
ropein, and tyrosol, are important components of this diet. In this
study, the effects of oxidative stress on the nitric oxide radical
(NO)-mediated relaxation of rat aorta and the protection by these
antioxidants were determined. Cumene hydroperoxide (CHP) was
used to mimic oxidative stress induced by lipid hydroperoxides, which
is mediated by the formation of hydroxyl radicals (OH"). CHP (300
M) impaired the NO™-mediated relaxation of rat aorta by the ace-
tylcholine receptor agonist carbachol (P << 0.05). This was due to a
reduction in NO® production. A diminished NO*-mediated relaxation
disturbs the vascular tone and leads to a rise in blood pressure,
which is a well-established risk factor for coronary heart disease.
Hydroxytyrosol (10 pM) efficiently protected the aorta against the
CHP-induced impairment of the NO*-mediated relaxation (P << 0.03).
Oleuropein, tyrosol, and homovanillic alcohol, a major metabolite of
hydroxytyrosol, did not show protection. Moreover, hydroxytyrosol

OH
HO
tyrosol
H;CO OH
HO
homovanillic alcohol
HO OH

HO

hydroxytyrosol
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Molecular Orbital Theory

Considers all electrons in the field of all atoms constituting a polyatomic
species, so that all molecular orbitals (MQO’s) are multicenter.

The most common way to build MO’s, yy,q;, Is by using a linear
combination of all available atomic orbitals v, ; (LCAO):

Yno,j = Zcij';”at,i

We can form two molecular orbitals for dinydrogen molecule ion H,* from
two hydrogen’s atomic orbitals vy, and yg :

Yg=VatV¥e Yyu=VYa-VYB



Molecular Orbital Theory

»  The probability to find an electron on the y, orbital is then
N? [widv = N*([wadv+2[wpwedv+ [padv) = N*(1+2S +1) = 2N*(1+S)

where
S is the overlap integral for atomic orbitals v, and yg and
N is the normalizing constant.

S > 0 corresponds to a bonding
and
S =0 to nonbonding situations.



"For dihydrogen molecule assuming that two electrons 1 and 2 are independent

one from another (one-electron approximation), we can get:
Vg = v a(1) + v s(D]ly a(2) + v 5(2)]
Vg = [v A(Dw a(2) + v s(Dw s(2)] + [w aA(Dv s(2) + v A(Q)w 5(1)]

The first term corresponds to ionic contribution and the second one to covalent
contribution to the bonding (compare to VB theory).

AMPLITUDE (A.U.)
0.6

0.4
0.2

| 20 0 20 40
INTERNUCLEAR DISTANCE, BOHR



Molecular Orbital Theory - Atomic orbital overlap

Depending on the symmetry of the overlapping orbitals, the overlap integral
S may be positive (bonding), negative (antibonding) or zero (non-bonding).

S>0 S<0

G @
) >l
W
O O @@

eSO m
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pination of 1s, 2s, 2p,, 2py and 2p
atomic orbitals of an atom A with orbit

afls of

suitable symmetry belonging to an atom B
(second row elements) leads to the

following ten molecular orbitals:

» 1;, 10) G:Zp = Wopa — VopB

n 2py = WZpyA - \VZpyB
T opx = Wopxa — VopxB
Tc2py = \VZpyA + WZpyB
Tc2px = \VprA + \VZpXB
Gop = Wopa T WopB
O 25 = Wosa — VasB
O2s = Wasa + WosB
O 15~ Visa — VisB
O15 = Visa + VisB

(cu)
()
()
(my)
(my)




Summary

Molecular orbital theory considers all electrons in the field of all
nuclei so that all orbitals are multicenter.

Linear combination of atomic orbitals is used usually to
approximate MQO’s.

Depending on the sign and the value of the overlap integral
Interaction of orbitals may be bonding, antibonding or non-
bonding.
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puTomolnon:

M.x., oL bovnoelc SeocuwV ELVOL TTOPOUOLEC ATTO LOPLO OE LOPLO

Transmittance (%)

m} HCH Bend /\

T

CCli stretch

Ddopa YriepuBpovu (IR) tou CH,CI,

CH Stretch
1 1 1 1 1 1 | 1 1 1 1 I | 1 1 1 \\ | 1 | | | IU 1 1 | 1 1 L J 1
3.333x 10* 5.000 x 10+ 4.000 x 104 1.00 x 103
Wavelength (meters) Infrared Region



D TL £OPTWVTOL OL SOVNTIKEC KO TLEPLOTPOPLKEC EVEPYELEC;
[eplotpodn
- doun (nNkoc deopov Kal ywviec deopwv)
- pada

Aovnon
- LoxU¢ deopou (evepyela deopol)
- padeg

AV HETPRCOUUE POGLOTOOKOTILKA TLC EVEPVYELEC,
MIoPOUME va MPocdlopioou e tn dopn Tou popiou
Kot TRV oYU TwV SECUWYV TOU



