Atapntnc

— X Increased
— glucose inthe
blood
Muscle unabI:\ i
steam
/ to use glucose due

to insulin resistance

Obesity,
inheritance
& other factors TYPE-2
leading to DIABETES
insulin
resistance.
Sufficient
insulin secreted
Pancreas in the blood stream

Increased
x P, Glucose due
Muscle unable to to |0W_'
/ use glucose due to low insulin insulin

Glycogen
and protein TYPE 1
breakdown,  DIABETES

causing
keto-acidosis Decreased
insulin in the
blood
Pancreas vessels

Keto-acidosis étav o opyaviopdg dev ytropei va
XPNOILOTTOINCEI CAKXAPQ XPNOIUOTTOIET AiTTn Ta oTTOIa
100 TTOVTAl O€ KETOVEG TTOU €ival SnANTNPIWBEIS YIa TOV
opyaviouo.

ESTIMATED PREVALENCE OF DIABETES IN 2007

Diabetes in
population %

B 12-20%
B i0-14%
Be-10%
B s-a%
M 4-6%
Less than 4%

Map shows type 1 and type 2 diabetes
Dbesity and type 2 diabetes are causally linked

SOURCE: Diabetes Atlas, 2008

* AwaBATng elval n KATACTACN OTNV Omola Ta emnineda
oaKYapou auédavovtal oTo aipa

* AUo tumotl dtafntn o €vag oxetiletal pe tnv Statpodn
Kal AAAouG Ttapayovteg (okeUméG kKAT) (TUToG2) Kat o
SeUTEPOC OPElAETAL OE YEVETIKN QVWHOALA 1 LOUC Kall
EXOUUE HELWUEVN Ttapaywyr voouAivng (Tumog 1)



[TAnpodopLakn Atadpavela

Abdominal Obesity Criteria for among Specific Populations

Population

Europid

Caucasian

Europe and North America

Middle east, Mediterranean, Sub-
Saharan Africa

South Asians and other Asians
Ethnic central and South Americans

Japanese

Chinese

Men

>94cm

»94 cm (increased risk)
=102 (still higher risk)

=102 cm

>04.cm

=90 cm

> 85cm

> 8bcm

Women

=80 cm

=80 (increased risk)
=88 (still higher risk)

=88 cm

>80 cm

>80 cm

>30cm

>80 cm

too much food, not enocugh

with too much
animal fat

s

3

another set

one set of genes
inherited from
parents
make you hungry

overweight:
need extra

of genes insulin as body
causes becomes
greater ‘resistant’
insulin

resistance

fatty deposits in
pancreas cause
even more
damage

other set of genes
inherited from
parents make

islet cells in

pancreas wear out
early: cannot
make enough

insulin

Resuit

body needs more
insulin but cannot

produce it

type 2
diabetes



2 TATLOTLKN KOl 2 U UITTWHOTOL

Adults Aged 18 and Older Who Have Been Diagnosed With

Diabetes,* by Age and Sex, 2005-2006

Source 1.5: Centers for Disease Control and Prevention, Mational Center for Health Staristics,

Mational Health and Mutrition Examination Survey

Rate per 1,000 Adults

197.5
186.2
180 —
160 — Fe"'a'em | 155.5 153.4
ne 1335 142.7
&1 . 736 80,2
' -2‘3-3 246

Total 18-44 Years 45-54 Years 55864 Years 6574 Years 75 Years

and Older

*Reponted a health professional has ever told them they have diabetes; does not include gestational

diabetes, Rates are nof age-adjusted.

Comparing diabetes prevalence 2010-2030

Comparative % calculated by giving countries same age profile

Number
2
M 2010 2030 Diabetes prevalence %  of cases
0 2 4 & 8 10 1z in 2010
*China _ 92 million
China 43 million
us 26.8 million
India S0 million
Japan 7 million
UK 2.6 million

* New England Journal of Medicine
** Diabetes UK

Sources: International Diabetes Federation

DIABETES

KNOW THE SYMPTOMS

-~
S

Numb or tingling

hands or feet.

If you have any of these symptoms, see
your doctor. For more information about
diabetes call Eli Lilly and Company at
1:800-545-5979 or Bochringer Mannhcim
Corporation ar 1 800858 8072

P Prediabetes - Diabetes

A Deleterious Progression

* Overweight, Obesity

+ Lipid Disorders PRE DIABETES
*Altered
glucose metabolism Aiboe ~  InsulinResistance
* Pro-inflammatory “Tibusele . Hyperglycaemia

B oxidative states
pancreas

g
*Hypertension I fiver Efe:t)‘ &;’M—" DIABETES

vessal
=
Pancreas
Fallure
END-STAGE ORGAN DISEASES

. Atherosclerasis
Myocardial Stroke
Macrovascular Diseases Infarction

—— ~
Cardio- & Cerebrovascular Diseases t m B @

Nephropathy
Diseases,

Renal insufficiency
Microvascular a8 ‘ @

Diabetic Foot Retinopathy




Mwc pla papupakoBropnyavia BAEmeL Ttov dafntn

WE REALLY FELT

2010 Global Diabetes Market Breakouts (detail U.S.) YouR PAIN !

Rest of World




MNxaviopoc Tou amoppodnonc TOU CaKYOpOoU OO TO KUTTAPO

KOLL LN QVIOMOC 6paonc Twv Bovadikwy

a b :.9'_,7 c
extra A{:‘Oj F""" m
i I!Iltrlrlgll%:Eﬂ||||—-_—|||||| N I:rl % LR T S T N
3 =
POMHY \PD{
CO; + H,0
L7 f =07

v}

(1 I |n|||-"'" L IIII}I Illl%mu
v g
\ ) L7

o v

“T/

€O, + HO
----- =  Signal path-way

{v}

S, B

d e

€O, + HO

{v} and [V] Vanadium compounds

PTP = Proteintyrosinephosphatase
PTK = Tyrosinekinase

=97 Glucose

——— Transport or reaction paths

-— Activation
Q Insulin

7 insulin receptor I Membrane

H wooulAivn deopevetal oTOUG
urodoxng Kal evepvonom nv
d)wcd)optwon TNG TUPOOCILVNG Kall
avoliyeL Tov 5pouo yla petadopd tng
YAukolng oto KUTTapPO.

H Kwvaon Tupooivng evepyomoLel Tnv
dwodopuAiwon kat €ToL TNV Kawon
TOU OOKXApPOU.

H npwteivn dwodatdaon

Moo WPUALWVEL KAl OTAUATA TNV
anoppodnon ToU COKXAPOU Ao TO
KUTTOPO.

Ta dwodwplkd eival duoLkog
avaoTtoA£ac Twv dwodatacwv

Ta Bavadika unopouv nbava va
6paoouv LE TPELC rponouq TIOU €XOUV
va KAVOUV LE evepyoToinon NG
KLVAONG 1 avaoToAn TG

dwodataong.



Pwodataoec

PO,”

* KataAvouv tnv ubpoAucn Twv His His324
opyavopwoPpopoecTEPWY TO Omoio ival To
avtioTpodo Twv Kvaowv :

o
Tyr168 Mn"o

* Ynapyouv dadopa €idn kupiwg, ot acid, protein
kat alkaline pwodataoeg /%p”
\

{Mgz'-dependent} O ] \ )
() E—OH + ATP kinase E_C‘_lﬁ’l_“ + ADP + H* Acid purple phosphatase active center
O
(Enzymatic activation or inhibition) Argl6o
T 0 i
Tji o oA Re—g~ 0 Ar
Ht;l"' “r]JH °
0 o ! H H
i _ Phosphatase [ Serl02 ~ |
()  E—O—P—0" + H0 ~ E—OH + H—0—P—0 NN o o
o o 0 po Py A 8 Ar
R o oo™ =5-0-
Zn' Zn

Alkaline phosphatase active center



Mnyaviopoc Opaonc bOPOAUCNC PWOPOPOECTEPWV
ATO TNV OAKAALKN GWodaTAON

Argies

* Mechanism of the E. Coli alkaline phosphatase reaction. Mechanism is based on the x-ray crystal structure of the enzyme with
inorganic phosphate bound in the active site (1). Hydrogen atoms, the magnesium ion, and the ligands to Zn1 and Zn2 are not
shown.



Opolotntec Bavadikwyv - QwodwpLlkwy

1.0

Fraction crf"u'5"'
o
w

Fraction of species

* ‘Exouv napopoleg Soueg. Aktiveg Loviwv PO,>
kot VO,3 2.38 ka 2.40 A

* ‘Exouv nmapopoleg TIpEG pKa kat idlo poptio O

* H,PO, & HPO,? pKa=7.8 | | »
H,VO," < HVO,? pKa= o D”fv{fn
EERPALY 4~ PKa=8.2 O 0O (@]

* To kUTtTOpPO Oev pmopet va ta SLaxwploel kat
adrvel Ta Bavadlkd va tEpACOUV TV
HEUBpPAVN TOU KUTTAPOU OTIWCE Ta dWodopLKA



Oeldwavaywyka dtaypappa Bavadiou

1.UU v

vo, —

E=E_-0.0592 x m/n x pH -0.66 V
VO,* + 2H* + e ->VO?" + H,0 E_=1.00 V pH=0

pH=7
E=1.00-0.0592x2/1x7=0.171V

VO

Latimer Diagram

V.94 VvV

2+

-0.40 V

-U.ZO V R
V3+ —_— V2+ —_—
-1.38 V -1.96 V

\"/ VO
203 —> -

Vv




Ta etdn tou VY oto SLaAuvpua
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o i
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€ a3l
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10027(OH)
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I 1 | I
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>/ NMR of the vanadium(V) species

537

F 561

@

539
578

564

571
586

(b)

Intensity

L;

(c)

(d)

520 560 Sy /ppm
5V NMR spectra of (a) a 50 mm vanadate solution at

pH 12.3, (b) a 50 mm vanadate solution at pH 9.2, (c) a 100 mm

vanadate solution at pH 9.2 and (d) a 50 mm vanadate solution,

with 0.6 m KCl, at pH 9.2

—a78

Ohry

54 hr., J\ L
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- 500
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=300
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+KRBr
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0
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0" Yo




[Toto BavadLlo Ko yLaTi;

* Ta avépyava VO,3 kat VO avtdiafntkd

* Opototnteg VO, 3 kat PO,

* 'Exouv mapouoleg Sopég. Aktiveg Lovtwv PO, kot VO,3 2.38
kot 2.40 A

* H dopn TPLYywVLIKNAC dSutupapidag eival YapnAnG evepyeLag
yla to Bavadio aAla Steyeppévn ya tov dwaodopo

* To kUtTapo Sev pmopei va ta Staxwploel kat adrvel Ta
Bavadikd va TEpACOUV TNV HEUBPAVN TOU KUTTAPOU OTIWC
o dwodopLka

o
I = T\
o P\O



Tt Ba cupPel oto PavadLlo oTov OpyaAVLOUO

Debbie C. Crans, Mohammed Mahroof-Tahir and Anastasios D.
Keramidas, Molecular and Cellular Biochemistry 153: 17-24, 1995

Bk

Hy0u,, I l WOH;

ligand stable
H, 0% I ~NOH, path f complexes
Vl’ VZr v4 OH,
Vs, Vo
path a \_ enter HSG
ﬁ
V.., -
N0
HO \OH
pathd '
path b path ¢ protein
phosphatase
NAD ADP
GDP Q
NADV | _.mX * protein
O_V\O complex
ADP-V I
GDP-V 0

Intracellular vanadium(V) compounds that can form when vanadate has been administered. Each compound has been found to act as substrate,

cofactor or inhibitor for enzymes related to glucose metabolism.
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2 € TIOLOL LLOVOTIOTLO. EUTTAEKETAL TA PaAvVAOLKAL

Q

a1 1
gl ns

Vanadium acts here | ,.,_ ég H

. [ : Vanadum does not act here
Brichord of ol , 1993 = Vankalcss of al., 199]
McMeill & 2001, 1091
:w:n co-workers, _T'E: — a5 - Bevan o al, 1995
shafiir ot al, 2001 N P T h—

} e —
P Er _'ln.ill
Mg aFELC P B

; .‘. .‘5, I.‘I.l!l.ﬂ'l-. gl T
Vanadiem does not act here i ﬁ;\\ ‘/"" Tracey & co-workers, 1999, 2000
4 Fanhas & co-workers, 200]

* Vanadium acts here

L8 o -..r- -'-.:r_'. o 2
Shechier & cosworkers, 19697 R \.. H:lllr CHarmrr o -.: ....... : McNall & co-workiors, 2002
MeNeill & co-workers, 2001 Mkl crn g

(Modified from Fig. 2 in A R. Salhel and C. R, Kahn, Nature 2001, 414, 799)


http://www.aboutvanadis.com/Upload/en/vanadium-scheme.jpg

Avaotoln Apaonc Qwaodatacwv

(o) ) (o)
dwodatdoec eivat éviupa mou pubpiouy Tov | +OH _0_||:||\\\\\0H -OR° 1
HeTAPBOALOUO. YEOpOAUOUV TOUG 0OPYaVIKOUG oypwll()R | \OR /P%”OH
dwodopoeoatéped. Evepyomoinon Tng mpwteivng (o o o (o)
dwodatdon oTaPATA TV LETABOALOUO TOU
oaKkxapou. AvaoTtoAeig Tou eviUpou Umopolv va (o) (@)
XPNOtHomonBoUv yla TNV opaAonoincn Twv [ +OH | OH
eTUMES WV CaKXAPOU OTO aipa Twv dtafnTikwy. /V-.,,,, ) s 0—Vy:

0~ N.O | o

TETolog avaoToA£ag ival ta Bavadika ta onoia o fo}

avaoTtEAAouV TNV Spdcn OAwv Twv dwodpatacwv.

O UNXaVIOUOG TNG OVAOTOAELG TwV dwodataowv
yivetal pe tnv woxupn 6éopeuon twv Bavadikwy oTto
EVEPYO KEVTPO TWV VIV WV auTwv. Ta Bavadika
UTTOPOUV va APOoUV EUKOAQ TNV SOWN TG
TPLYWVLIKAC Sutupapidag n omola poldlet pe tnv
HeTaBatikn katdotaon tng udpoAuaong tou P. Etol
TopLalel TEAELA OTO EVEPYO KEVTPO TOU VIV IOV KoL
T(POKAAEL TNV avaoTOAN TOU.

Ta Bavadika €xouv to 610 pK katl doun e ta
dwodopLka Kal yLo auto petadEpovtal oAU eUKOA
OTO KUTTOPO HECO TOU §pOUOU TwV GwodopLKwv

PHOSPHATASE COMPLEXED WITH VANADATE



AOUEC TWV MPWTEWVIKWY PwoPaTtoowy HE Pavadika

Structure of Transition State

Lys352
IPD-loop A WPD-loop C NH;
D654 R0

WSI %120 - Y
Hlm\_QH o, ,ﬁ HN
/ -‘ A l“ N N ’

0.,
SN Arg3i4
H, | o
Y

H,N

* Protein phosphatase kot tyrosine protein phoshatase evepya kévtpa pe
Sdeopevpéva ta Bavadika



2 UUTTAOKEC eVvWwOoEeLC Tou Bavadiou

Me i
o o Mle o 0 . Me
0 0 \11!/(
RN
3] o o D'/ ™ o
Me Me Me
28 29 30
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{ he 1

NI~
/

Q
[y

* Qo mpénel va oxnuatilouv otabepd BeppoSUVALKA pHopLa
aAAQ KLVNTIKA aoTOoBOEl, £TOL WOTE va Umopouv ta favadikd
va petadepBolV UEXPL TNV KUTTAPLKA HEUPBPAVN XwpPiG va
aAANAerdpaoouyv pe aAAa popla.

* Hdoun va ival tétola wote va au&AveL TNV Lkavotnta
6€opeuong pe TnC dwodaTAoEC

* Na pelwvouv TNV TolkotnTa

* Na xopnyeitat ano to otoua

wC avTdlafnTka

) d = mmeea <= Signal path-way
—— Transport of reaction paths
Ingi ) LA
" ‘/‘ {V} and [V] wvanadium compounds
\ 1; i o7 PTF = Proteintyrosinephosphatase
[‘f] M Insulin receptor Q Insulin
>
/=27 Glucose I Membrane

Absorbance

Control

Concentration / ph

8.05
1000 100 10 1 0,1 0,01

% Living cells




V-maltol

300 i~

10% a
200 +

100+

o

=100+

=200 |-

-300
800 F

600

400

200

V]

-200

~-400

-600 |-

~800 1 ' 1 1 L

Figure 2. V(IV) ESR spectra of (a) a V(IV)—maltol solution, and
(b—d) spontaneously reduced vanadium(V)—maltol solutions. Effects
of pH on reduction rate. Note the different magnification scales in the
upper left corner of each spectrum. (a)VO?**—maltol acid solution ([V]/
[Ma] = 10/20 mM, pH = 0.6). (b) Vanadate—maltol acid solution ([V]/
[Ma] = 20/20 mM, pH = 3.7, age = 2 days). (¢) Vanadate—maltol
neutral solution ([V]/[Ma] = 20/20 mM, pH = 6.1, age = 2 weeks).
(d) Vanadate—maltol alkaline solution ([V]/[Ma] = 20/20 mM, pH =
9.5, age = 4 days).

A) Yrtohoylote ti¢ mapapétpouc oto EPR ddaopa?

500
400
300
200
100

-100
-200
=300
-400

~500
200

150
100

50

~-50
-100
-150

-200

OH

S 107 VOL

> O [ N

qa maltol

a

5§ 08—

8 VOLT
| s [ ]
i 0.6 —
_uol
L d 0.4 —
i
i [(VO),(OH),]
i 0.2 —
i [{VO(OH)L},]
R 0.0 | [ | | | |
N 30100 32l00 34100 36100 38100 40100 2 4 6 8

Inorganic Chemistry, Vol. 35, No. 11, 1996

(G}

Speciation curves for complexes formed in an aqueous

solution of vanadium(IV) and maltol (HL) with a metal : ligand ratio

of 1:2.

[Redrawn with permission from T. Kiss ez al. (2000) J.

Inorg. Biochem., vol. 80, p. 65, Elsevier.]

B) Mowa ival ta kuplotepa popla o€ pH 7 tou cupmAokou tou Bavadiov pe tnv maltol oe cuykévipwon 1M
(n ouykévtpwon tng wovac ota de€ld). Na ypadouv ot SOUEC Kal oL 0EELOWTIKEG KATOOTAOELG TOU METAAAOU.

I Moo Ba elval T popla og cLyKEVTIPWon 1uM.



KukALkn BoAtapetpla V-maltol

A) Na ypadel To Kavoviko
AUVOLKO TNC
o&eldwavaywyLkng
avtidpaonc tov V-malto
oto pH 7.

B) Mola eivat n
otaBepotepPN
oéeldwavaywyLka
0&elOWTLKN KATAOTOON
Tou Bavadiov oto V-malto
katw aro N,.

I Mowa eival n
otaBepotepN
ofeldwavaywyka
0&elOWTLKN KATAOTOON
Tou Bavadiov oto V-malto
oTnV atpoodalpa.

Reaction Chemistry of Bis(maltolato)oxovanadium(IV}

VO(ma);
o <7
s s
30% 85-0
“J — s
o =T
e j _— 80

+075 0075  ©

Figure 10. Variable pH cyclic voltammetry of VO(ma), (left) and [VOa{ma);]™~ (right); 0.15 M NaCl, 25 °C, under Ar, scan rate 100 mV s~ vs

Ag/AgCl,

* [VO,(maltol),] +2H* + e” -> [VO(maltol),] + H,O

J. Am. Chem. Soc., Vol. 117, No. 51, 1995 12769

[VO2(ma),]

pH GO
55
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40
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+075 5



V-maltol 1V NMR

;
N J

b
.* Vie
'
A 1:5 — A‘L
A
N

1:1

¥y
M:L
5:1

A 1:2 o\ 1:2
1:5

ol 1:1 —
1:0.5 1:10

Vs
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iy i Ll i i Ll W ) i b e b i b bl it e e Ml i i et |
-400 -440 ~480 -520 -560 -600 & (ppm) -400 -440 -480 -520 -560 -600 O (ppwm)

Figure 7. Variable ratio 7V NMR spectra of the vanadate/maltol system. Hma (0—100 mM) added to 10 mM vanadate pH 7 (left} and vanadate
(0—50 mM) added to 10 mM Hma pH 5.5 (right}; 0.15 M NaCl, 25 °C, under Ar in both cases.

A) Mota elval Ta popLa oTLg KopudheC Twv pacpatwy B) 2e oo pH eival otaBepotepo 1o cupmAoko V-maltol ') Mowa eivat n doun
TWV CUMTTIAOKWV Kol N o€eldwTtikn katdotaon tou Bavadiou. Ot Sopéc va oxedlaotouv



V-maltol 21V NMR

[V)= 10 mM
[Ma]= 20 mM

(V]/[Ma}
VMaq_
0.5/1

i

Vs

. J v
\ v,

H= 9.56 VMa V.
P JG}M"Jk 2

ppm 450 -500 -550 .
_ Figure 5. °'V NMR spectra of aqueous neutral solutions of 10 mM
Figure 4. °'V NMR spectra of aqueous solutions of vanadate and vanadate at different [V]/[Ma] ratios.

maltol ([V]/[Ma] = 10/20 mM) at different pH values.

* A) Na ypagdouUv OAeG OL AVTIOPAOELG TWV XNHLKWV LOOPPOTILWY TIoU AapfBavouv PEPOG ota
napanavw ¢acpota. B) Ze oo pH eival otabepotepo 10 CUUTAOKO TwV BAVAOIKWY HE
maltol. I') Nowa n otaBepa Loopporiag oto ovdetepo pH cuykpLtika e vpnAotepa pHs.



UV — YrnoAoylopoc otaBepotntac

K, is the acidity constant of the HL ligand, [VO]; is the total

concentration of vanadyl, L is the total concentration of the

K, n . ligand, [H] is the acid concentration derived from the pH of
HL — H —I— L the solution, [(VO)L] is the concentration of the 1:1 vanadyl/
pyranthione species at a given pH, and K, = 2.14 x 106 1s

Absorbance

7+ _ Ky + the first hydrolysis constant of VO (eq 7).
VO + LT ==[(VO)L]
X = [(VO)OH][H] @
+ _ Ky i b [VO] 00 . . .
[(V())L] + 1 = (V())Lﬁ N ' , 250 300 350
= Rewriting eq 6, the equation can be solved for [(VO)L] Wavelength (nm)

in terms of Ky using the quadratic formula (eq 8).

VO 421 22 (Vo)L
(VO)L, =B B - A ) LMY
i [((VO)L] = T (8) 0.6 -
_ Ky — o
(VO)L, + OH [(VO)L,(OH)] e
8
- b - | B =KL + K M+ KK, + (ﬁ) +K[H]+ 1 £ o4
K+ ) + K+ 1 t N (T A 3
’110 = VOI1L The concentration of (VO)L can be calculated from the 031
[ ]t t VOl = L.+ [(VOL Beer—Lambert law: [(VO)L]" = abs/e. Therefore, iterating
[(VO )L] [ :|r t [( ) ] Ki1p and € as a function of pH results in the least-squares 021
’ 1 ’ 0.1 T . . . ' . T T
* A) MNowa elvall Ta cupAoka ou oxnuoati{ovtal,

pH

O &E l.6 (.L)TLKrI] Katdctao r] Bav a6 i.o U Kal- 6 O IJ-r’] . B ) Figure 2. (Top) Variable-pH UV spectrophotometric titration of VO>*/

Htma ([VO?*] = 1.08 mM, [Htma] = 0.09 mM) at 25 °C and / = 0.16 M

4 14 14
Yrohoylote tnv Ky, O‘T[g T OlayPOHHOTA Y DA s AU e Ve
pK,=8.12, K,=2.14 x 10°,



>1\/ NMR of Vanadium with peptides

* A) Nolo elva To mBavotepo
LOPLO TTOU oXNUaTileTal Kata TNV
avtidpaon Twv Pavadikwy PE
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Fig. 14. 94.73 MHz *'V-NMR spectra of the system vanadate/L-alanyl-L-histidine [73]. Chemical shifts
are given relative to VOCI, (6 =0). The V,, indicate free vanadates (see text), VP is the signal for the
monovanadate—peptide complexes 41 in Fig. 16. lonic strength = 0.6 M (NaCl), ¢(vanadate) = 3 mM;
¢(peptide) = 15 mM in the bottom spectra, pH 7.2 in the spectra on top.



EPR lab

S

(a) Draw a labelled d-orbital electron configuration diagram for the Ni-substituted
azurin.

{b) Explain how the main differences arise between the EPR spectra of the two
proteins.

{c) The amicyanin EPR spectrum was collected at 9.745 GHz. Calculate the g-parallel
value for this protein. Show your working.

{d) The UV-visible spectrum shown below is of the Ni-substituted azurin protein. The
spectrum was measured using a solution that was 0.9 uM, using a 1 om cuvette.
Calculate the extinction coefficient for the band at 350 nm. Show your working.

1.0 4

0.75
Absorbance

0.50 +

0.25 4

f=
T T T T T T
50 300 0 &00 450 500 850
Wiwvglergth (rem)
Figure; UV-wis spectrum of N-Substitueed arurin profein

{e) What type of electronic transition does the band at 350 nm in the spectrum of
the Ni-substituted azurin protein shown immediately above represent? Explain
YOUr reasoning.

EFR Intensity

1. Consider the two EPR spectra shown below, both collected at 77 K.

The top spectrum is for a nickel-substituted azurin protein. (Azurin contains Cu in the
wild-type protein.) The bottom spectrum is for a copper-containing amicyanin protein.
Both proteins have a similar approximately tetrahedral coordination environment, with
the same donor atoms. Both spectra are of 5= ¥ systems.

1 -
Ni-azurin EPR spectrum

o]— N T

14

2-

T T T T T T T T
2400 2600 2800 3000 3200 3400 3600 3800
B (Gauss)
Cu-containing
amicyanin
3
L
= A
"
[
2
£ Expansion
1 1 1 L 1 1
2800 2900 3000 3100 3200 3300 3400
B (Gauss) Question continues over page
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EPR lab

e A) Draw the structure and
the d orbital configuration of
the complex

e B) Explain the origin of the
peaks and the splitting

* Find the g and A values by
hand

The EPR spectra of [Cu(his),] measured at 77 K and at room temperature.

(A) spectrum measured at X-band:; (B) spectrum measured at S-band. Inset I: High-field
band of the spectrum measured at X-band at room temperature. Inset II: 2nd derivative of
the high field band of the S-band EPR spectrum at 77 K. E-experiment, S-computer

simulation.

L L L L A L experiment
2400 2600 2800 3000 3200 3400 3600 3800 4000
Magnetic Field (Gauss)
B W

\/"_M 1320 1380

800 1000 1200 1400 1600 1800

Magnetic Field (Gauss)



EPR Lab

* Reproduce the epr spectra with
the following parameters in
easyspin

Parameters used to simulate EPR spectra at S-band for [Cu(his)>] b,

Complex g gy g3 A1(Cu) Ay(Cu) Ax(Ca) AN A(N)  Ax(N)

(Cuthis), ] 2044 2047 2237 27 27 555  38/33° 38/33° 38/33°

* Hyperfine and superhyperfine coupling constants are given in MHz: ® Fluid solution EPR data (X-band and
Cu ) - . . : -

S-band): gjo = 2.117. A, =199 MHz. Nitrogen shf structure not satisfactorily resolved; ¢ Simulation of low

temperature EPR spectrum was performed using a mixture of four nitrogens (4N, splitting constant = 38 MHz)

and three nitrogens (3NO. splitting constant = 33 MHz) assuming the ratio 4N:3NO = 0.8:0.2.



EPR lab

e Explain all the details of the
spectra and calculate the

parameters

CW X-Band (9.47 GHz)

- == Mr'"(H,0), ) - - = Mn"{H,0),
— Mn"only ' —— Mn"only
ﬁW
I
i
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> L,'
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@
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Fi
 Mn"ES" r.‘E Mn'/Ee!
*Fe
""““:"IFE' ........
300 350 400 116 .20 1.24 1.28

Magnetic Field (mT)

Magnetic Field (T)



j

2+|_ OH
~ X 90°
’d — = S
SR
/Cu\
H,0” “OH,
250 300 350

B/mT

(a) Structure of [Cu(phen)(H,0)5]?*. (b) Uniformly oriented DNA helix such as one would expect in a DNA fibre. (c) Schematic depiction of the coordinate system
used to describe the binding of complexes to double-helical DNA fibres. B: static magnetic field. (X, Y;, Z¢ ): DNA-fibre axes. (g, g.): g tensor axes. @: angle
between B and Z;. 6: angle between g, axis and Z:. (d) EPR spectra of [Cu(phen)(H,0)5]>* on B-form DNA fibres at room temperature, where there is a clear
dependence on @. Figure from Int. J. Mol. Sci. 2015, 16, 22754-22780.

* Explain the above experiment
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(a) Structure of CuKTSM,. (b) EPR spectra of CuKTSM, with Erhlich ascites tumour cells. The solid arrow indicates mobile copper, and the dashed arrow
indicates immobile copper. (c) As the mobile copper signal increases, so does the toxicity towards Ehrlich cells. Reprinted (adapted), from Inorg. Chem.

1984, 23, 3543-3548.

* Explain the above experiment
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