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Mg and Ca Isotopes Natural

Abundance
24Mg 78,99
25\g 10,00
26Mg 11,01
40Ca 96.94
43Ca 1.317

+5/2

7/2

-0,85545

+0,87515



Mg and Zn lIsotopes Natural

Abundance

2%Mg | 78,99 0

25Mg 10,00 +5/2 -0,85545
26Mg 11,01 0

47n 48,6

%67n 27,9

77n 4,1 5/2 +0,87515
87n 18,8

N7Zn 0,6
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THE CREATINE KINASE ACTIVE SITE NANOTOPOLOGY






The rate of ATP formation by mitochondria (A) and by creatine

kinase (B) as a function of magnesium isotope

intact mitochondria

The yield of ATP is given in mmole/g total protein
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ION — RADICAL PAIRS
FORMATION

(SINGLET — TRIPLET
PATH SHIFT)

MECHANISM

OF THE 2°Mg MAGNETIC
ISOTOPE EFFECT

EXPRESSED

IN A BIOLOGICAL
PHOSPHORYLATION
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Phosphoglycerate Kinase
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The GPK reaction ion-radical mechanism
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— » Z.eeman interaction ——

» Fermi interaction ——

.. Microwaves
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Buckminsterfullerene(C60)-2-(butadiene-1-yl)-
-tetra(o-y-aminobutyryl-o-phtalyl)porphyrin
PORPHYLLERENE - MC16







PMC16 CATIONITE PROPERTIES AND THE NANOCLUSTERS FORMATION AS
A FUNCTION OF pH

1 2 - 148m
12 \ /{10.2””1
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\ / «—— 6.4nm
\ / <«——4.7nm —3.2nm
Py L 15

«= Blue arrow shows the iron-dextrane sphere exclusion limit

— NUMBER OF SUBUNITS
— 25Mg2+ RELEASE, portion of the total PMC16 magnesium




THE CELL COMPARTMENT RETAINING DISTRIBUTION OF
[59Fe]PMC16 CAUSED BY A SINGLE i.v. ADMINISTRATION IN RATS

(30 mg/kg, 470-520 Ci/kg).

([59Fe]PMC16 cpm/mg protein) x10°%

([59F¢]PMC16 cpm/mg protein) x10-%

([59Fe]PMC16 cpm/mg protein) x10-3
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€poxy spacer Porphyrin domain

e

cyclohexyl
interface

C60 - fullerene .
The CL-Agarose (“buckminster ball”) Mez”.- loading
40-60 p bead nucleus “cavity”



AN AFFINITY CHEROMATOGRAPHY OF THE HUMAN MYOCARDIAL
MITOCHONDRIA MEMBRANE PROTEINS ON THE COLUMN WITH
AGAROSE-6B-CL-[C, ]-PMC16
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Tonic Strength, AI (

Ve, ml









THE [Mg]PMC16 PHARMACOKINETICS IN RAT
Single 20mg/kg i.v. injection (M + SEM, # = 6)
24 hrs monitoring presented

Tip=29.0 hrs Cp =62 pg/ml

T.. =25 hrs Chmax = 260 £ 83 ng/ml

Cl =32 + 4 ml/min'kg Vp=16.2 mlkg
Ve=124ml

k =0685 V=008 ml

Renal excretion: 28+4.3%

Hepatic excretion: 16 £4.0%

fmetabolization)

Plasma proteins binding; 1.2+0.3%

BLOOD CELLS UPTAKE

Lymphocytes: 28.6+5.5%

Erythrocytes: 8.0+32%

TISSUE SPECIFIC ACCUMULATION

Myocardnim: 184 +3.40%

Bram: 0.6 £0.02%

URINE ELIMINATING PMC16 METABOLITER (258+4.0 pg/ml)

Phthalate-depleted derivatives: 56.4+87%
Alanyl derivatives: 27.0+6.1%
Benzyl-Cgp: 16.2 £3.3%
PMC16 urine content: 462 = 11 pg/ml

Cgo urine content: 2.9+£0.1 pg/ml




A MULTIEXPONENTIAL TWO-COMPAPTMENT
DYNAMICS OF THE BLOOD SERUM [Mg]PMC16
CONCENTRATION AFTER A SINGLE 20 mg/kg
i.v. INJECTION IN RATS

64

Co = 62 mg:‘IZ{g

32

16

C, ng/ml

24

1% 20 )

= 5] ~1a 16

T, hrs



SYNERGISM OF THE MITOCHONDRIAL MATRIX CK ACTIVITY,
MAGNESIUM CATIONS INFLUX AND THE FREE PROTONS
EXCESS DEGREE

CK Relative Activity

The isolated rat myocardium mitochondria tested.
Yellow / Red stands for the spinless / spin Mg isotopes ratio.



SYNERGISM OF THE ATP YIELD, OXYGEN CONSUMPTION AND
THE Mg?* INFLUX IN THE PERFUSED ISOLATED RABBIT HEART
MUSCLE TISSUE

(0]
(0]

ATP yield, Y/Y
ATP yield, Y/Y

A — Zero spin magnesium test B — Magnetic magnesium test






ELECTRON TRANSMITTING MICROPHOTOGRAMS OF THE
RAT MYOCARDIOCYTIC PERINUCLEAR AREAS

FENTEC . | » -E ]
2ErF) ‘*'_' s J‘? %
5 2 XA, A A A
AN P y

SIS £ AT 5 7

A, C — PMC16 related hypoxia preventing effect
B — Inhalation oxygen deficiency hypoxia model
D — Intact myocardium



DXR - INDUCED MITOCHONDRIAL DISPLASIA IN
RABBIT MYOCARDIOCYTES

(A) Mitochondria (M): 0.5 DL50 DXR, 12 hrs

(B) Mitochondria (M): 0.2 DL_, PMC16, 6 hrs — 0.5 DL, DXR, 12 hrs.

Arrow sign points to a matrix
granular destruction



DXR - INDUCED NUCLEAR DISPLASIA IN RABBIT
MYOCARDIOCYTES

(A) Nucleus (N):0.5 DL50 DXR, 12 hrs.

(B) Nucleus (N): 0.2 DL50 PMC16, 6 hrs — 0.5 DL50 DXR, 12 hrs.

Arrow sign points to a matrix
granular destruction



FRAGMENTATION OF THE RABBIT MYOCARDIOCYTES
MITOCHONDRIA IN THE DXR-INDUCED ACUTE HYPOXIA

) 0.8 DL , DXR, 20 min (i.v.)

) 0.8DL,, DXR, 4 hrs (i.v.)

) 0.8DL_ DXR, 12 hrs (i.v.)

) 0.2DL_, PMC16, 10 hrs (i.v.)— DL_, DXR, 12 hrs (i.v.)



FRAGMENTATION OF THE RABBIT MYOCARDIOCYTES
MITOCHONDRIA IN THE 1-METHYLNICOTINE AMIDE (MNA)
- INDUCED ACUTE HYPOXIA

(@@ 1.0DL,,MNA, 6 HRS (i.v.)
(b) 1.0 DL,, MNA, 12 hrs (i.v.)
(c) 1.0 DL, MNA, 24 hrs (i.v.)
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THE EFFECT OF A PMC16 - TARGETED DELIVERY OF Mg?*
ON THE DOXORUBICIN (DXR) PRE - SUPPRESSED ATP
PRODUCTION IN RAT MYOCARDIUM

100

90 /f*”“"
X 80
=
2 20 //
-
2 60
S . — [25Mg2+]PMC16
5 — [24Mg2+]PMC16
S 40 - [24Mg2+]
> /
E 2 b
< 20 s
10
0 I I I

102 10-3 104

[Mg2+], mg/kg body weight

0.8 DL, DXR, i.v., 6 hrs — PMC16, i.v,, 6 hrs



THE PORPHYLLEREN - MC16 (PMC16)
PRE - CLINICAL TRIAL

Screen in Safety and Hazard

Interaction with Other Drugs in
vivo

Assessment

Drug Efficiency Studies

The Tissue Specific Drug
Reception Studies

A comparative study on the PMC16 directed delivery /
release for Mg?*, Mn**, Zn**, Cu*" Mo**' Co**

OPTIMAL PHARMACOTHERAPY RECOMMENDATIONS




PMC16 CLUSTER POSITIONING INSIDE THE RAT
MYOCARDIOCYTIC MITOCHONDRIAL MEMBRANE IN METABOLIC
ACIDOSIS (a, c) AND IN NORMAL CONDITIONS (b, d)

a, b — Laser contrast (Nanofinder-S-6A) images

C, d — Confocal scanning microscopy



THE PMC16 BLOOD CELLS UPTAKE IN RATS.

single 1.v. injection, 30 mgfkg [**Fe]PMC16, 470-520 Cilkg

40

ervthrocvtes

wee  lvaphocvtes

[59Fe]PMC16 cpm/mg proteim)x10-3

0 40 20 120 180 200 240

Time, hrs



([59Fe] epm/me protein) =107

THE PMC16-RELATED *Fe TURNOVER IN RAT

(20 mgkg,  380-420 Cifkg [F*Fe]PMC16, single i.v. injection)

1560
heme

20
blood plasma transfeirrin
Liver ferntin o
0 40 80 120 160 200 240

Time. hrs




(3-[*2P)ATP cpm/mg proteim)x10-3

(3.*P1ATP cpm/mg protein)x10-3

20

o

20

=)

THE RAT HEART MUSCLE ATP PRODUCTION
AS A FUNCTION OF Mg ISOTOPES TISSUE CONTENT IN iz vivo EXPERIMENTS

WITH [®Mg]PMC16 (A) AND [%¥Mg]PMC16 (B) SPECIES.

(1.v. 25 mgfkg 1-methylnicotine amide, 6 hours after—» 1.v. 30 mg/kg [Mg]PMC16)

(=]

4 8 12 16 20 24
Time, hrs
4 8 12 16 20 24

Time, hrs

40

30

20

40

30

20

Mg, [*Mg] tissue contact, ng/mg protein

[*Mg], [*Mg] tissue contact, ngfmg protein



THE HYPOXIA-AFFECTED PMC16 METABOLIC DECAY IN

RAT

1,0

0,5 +

A

1,0 +

0,5+

0,0

+1,0

+0,5

110

0,0

0,5

+0,5

0,0

A Chemically Induced Hypoxia
(0.005-0.5 DL, MNA, 12 hrs);

B Oxygen Depleted Inhalation
Hypoxia (15%, O,, 1-10 days)



A HIGHLY SELECTIVE TRAGETING OF PMC16 NANOPARTICELS TOWARDS
THE RAT HEART MUSCLE IN A COURSE OF THE LONG - TERM
ADMINISTRATION OF AN EXTRA LOW DRUG DOSAGE

PMC16, ninol'g tissue

600

400

200

PMCI16, 1. PMC16, 1% PMC16, 1%

4 04mgikg 0.2mglkg 0.1mglkg

EZHERNEEN

 HEART MUSCLE

HeReR LIVER o o S AT
5 10 15 20

TIME, days



[**Mg], ng/g tissue ( =)

THE RAT MYOCARDIUM TISSUE RESPIRATION AFFECTED BY
DOXORUBICIN (DXR) AND 1-METHYLNICOTINE AMIDE (MNA) IN A
COURSE OF [$Mg]PMC16 ADMINISTRATION (0.4 0.20.1 mg/ke, iv.)
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0z 01
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TIME, days
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Magnetic Isotope Effect of “°Ca
Y, [(nmol ATP/min)/mg CK]~ 10°
A, [c.p.m. vy -[*P]ATP/mg CK]x10°












PDB ID: 2BPF

8 kDa
lyase
domain

Active
site
residues
31 kDa
polymerase
domain

PDB ID: 1BPY

Primer

D256

® Mg++

ddCTP
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Figure 10: The rate of the DNA cyntheclz by polymerasze f az a function of the
magnesium and zinG lon cancentration In palrs Mg/ MaY (A), Mg Mg
(LY, and *Zn"'/ant (),
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CATALYTIC ACTIVITY OF THE BETA-LIKE DNA
POLYMERASE FROM HL60 CELLS CHROMATIN AFFECTED BY

INHIBITORS AND BY HIGH CONCENTRATION OF POTASSIUM
CHLORIDE

DNA pol activity,
Effector tested [3HIDNA cpm/mg protein

n=6 (Mt SEM)
Aphidicolin, 5.0 ug/mL 30,789 + 398
N-ethyl-melamide, 0.5 mM 27,632 + 437
ddTIP, 2.5 uM 1,370 + 186
Trypsin, 20 ug/mL 207 + 16
KCI, 200 mM 74,613 t 441
No effectors added 29,838 + 322
(optimized incubation mixture)




SDS-PAGE:
HL-60 Cell DNA Polymerase B




AN IMPACT OF ISOTOPY OF THE |ERIEAIENIENIEN
DNApolB INCUBATION MIXTURE

ON A LENGTH OF THE DNA

FRAGMENTS PROCESSED.

AGAROSE GEL ELECTROPHORESIS.

1 — DNA markers kit, 110 — 489 n;
2 — 20 mM 43CaCl,, Mg — free;
3 - 20 mM 2*MgCl,, Ca - free;
4 — 20 mM “°CaCl,, Mg — free;
5 — 20 mM 2*MgCl,, Ca — free;

All the enzyme incubation conditions were kept at the
optimum level (pH 8.0; +37°C, 60 min).
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43Ca-MIE in DNApolB FUNCTION

Controls: 4°Ca/Mg substitution {(--/--);
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MIE Impact on the HL-60 cell DNApolp
catalytic activity

E, [*H],,, DNA/
mg enzyme
70000

80000

50000

20000 + 24Mg(98 6%)
= 250g(85.8%)
o 28Mg(98 45%)
30000

20000

10000

0
0 20 40 60 80 100 120

[MgCI2]. mM



MIE Impact on the HL-60 cell DNApolp

E, H],,, DNA/
mg enzyme

30000+

25000+

200004

15000+

10000+

5000 A

catalytic activity
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T
1

[MgCl2], mM
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& 25Mg(86.8%)
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MIE Impact on the HL-60 cell DNApolp
catalytic activity

3
E, [3H] DN A/ EI [ H]CmeNA/
cpm mg enzyme
mg enzyme
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30000- # E(25Mg) 40000 #E(672Zn)
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The rate of DNA replication as a function of Mg?* ion

concentration. Tritium radioactivity A is measured as

the number of counts/min/mg of DNA. The contents
of >>’Mg and ?*Mg in Mg?* ions are 86.8 and 98.6%
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The rate of DNA replication as a function of Mg<* ion
concentration. Tritium radioactivity A is measured as

the number of counts/min/mg of DNA. The contents
of 2°Mg and %2°Mg in Mg?* ions are 86.8 and 98.6%

respectively.
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The rate of DNA replication as a function of Zn?* ion
concentration. Tritium radioactivity A is measured as
the number of counts/min/mg of DNA. The content of

57Zn in Zn%* ions is 00%.

| A-10°
70 7014
| 60 1 %}
60 [ ! __
§ so ik % _
I @ Eﬁ% __{}_'6_4211
1 4 g . BT
30 1 '}‘j k.
20 A *
N, 10 : i
H\‘\ 0 ! 5
e
ﬁﬁﬁﬁﬁﬁﬁ S
e G e e e e 4
0 I
0 10 20 20 40 50

[Zn*"], mM



Nu
O OII
$H1 Call LOY T
(]) -O'.’ “Q'

I I
l’\—()— pP—0O—P—0OH
INe- I I

O (&} 0]
Incommy ANTP
*
(o}

I
Primer—O—P=0
|

O

|
CH,
(‘)Q()-
Nu

DNA strand

Primer—O—P=0)

—0—=<—C

(@

‘Ha

o
Nu

DNA strand

o
|
Primer—O—P=0 0 — OH
|
QO a
| CIL; Ca(lLO),,~
CH, _| ( 2
| LI) o (l)'
|
% (&) O—P—O—P—O0O—P—OII
1No N I
-0 o] O
Nu
Ion-radical
- o Nl - O S
E /o &0 £ ye
60 >0 | =0 |
\ _6 S N 7 a
s 0 &7 M \f‘./:
— J —_— —
| | |
(@) O o
- e - —
| ' I &
O=w—0 O==-0—-0
I |
c ~ o
U & o '
O==—0 &
e | ~ . D=?-:-ﬁ 4
e 0
| .'% O (ol
D:'-.:—Q o .H__I__,.' |
|O S = l~ v‘_\q O:?—C
o Ty ° & c n
= 3
+ O==-0 5 ﬂ—.{:_ﬁ':
| O Ry oy By
o 2 c &
g - < v

IONS-RADICALEPATHSFORMHESDNASSYNTHESISS
SLOW$DOWNSDNApPolBEREACTION.S




Diphosphatetto#
#removeibyithe#
#dnzyme’s#
#Mg?tion,unless#

#eplaced?

Primer

INSERTION#
tothethascent#
DNA#hain#

H

THEHENTP#+OXYRADICALATHREEHCHANNEL#5PREADIN G#
DECAY .#DNApolB#REACTION.#




Enzyme metal content,

pg/mg protein

A B
THE HIGHEST — REACHABLE LEVELS
OF SUBSTITUTION OF ENDOGENOQUS
Mg?* WITH CALCIUM IN PURIFIED HL60 DNApolp

(20 mMCaCL,/15 mM Tris-HCI (pH 8.0)/1.5 mM EDTA/
+37°C/2hrs).

A — Control {intact enzyme);
B — Experiment (Mg — Ca substitution).
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AN IMPACT OF THE METAL
INCUBATION MIXTURE CONCENTRATION
ON EXOGENOUS IONS INCORPORATION
INTO THE DNApolf STRUCTURE

(20 mM MeCl,/15 mM Tris-HCl (pH 8.0)/
/1.5 mM EDTA/+37°C).




Fractionation ofthe human retinoblastoma (Y79 and

A280 200 kDa
69 kDa WERI-RB) cell chromatin proteins on TOYPEARL
A l HW SSF column and subsequent evaluation of
12.3 xDa structural and catalytic properties of the purified DNA
l Polymerases by SDS-PAGE
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DNA Polymerase 3 Properties

Cell Type
Enzyme Pattern
HL-60 Y79 WERI-RB

Quaternary structure — - —
Monomer + + +

MW. kDa 66.5 235 235

pl 8.45 8.20 8.50

Ka, pM (dTTP pool) 0.016 0.013 0.010

Keat, pxM ([dTTP /minjmg protein) 0.622 0.394 0.418
3’,5 -exonuclease activity — - —

KCl effect (200 mM) 121 122 11.8

ddTTP effect (2.5uM) 1302 128.0 1338
Aphidicolin effect (5.0 pg/ml.) - - -
N-ethyl-melamide effect (0.5 mM) = = e










["H]Autoradiography/agarose gel electrophoresis of the retinoblastoma
DNA Polymerase y reaction products

380-420 380-420

300-330 300-330

180-220 180209

55-85 9000

1- Markers 1- Markers
2-Y79, *Mg, 37 °C 2-Y79, 43Ca
3-Y79, *Mg, 0 °C 3- WERI-RB, 43Ca
4-Y79, *Ca, 37 °C 4-Y79, 67Zn

5-Y79, *Zn, 37 °C 5- WERI-RB, 67Zn



KOHUENUNA BYYAYEHKO - KY3HELIOBA
CuHepru3am uutonnasmaTM4eCcKMx U BHyTpUaaepPHbIX COOLITUN,
KoHBepTupytowmx MU3 Mg B uuTocTaTM4ECKOE BO3AENCTBME Ha KNETKY ONyXosu

I-EXTRACELLULAR ENVIRONMENT -~
PMC16—| 25Mg2+ Vad g PMC 16

_-“PMC 16:' B\ g2t

-~

i BMg?* 2
- 3 .&Q&QJ@%@% / DNApolf
-’ %
g & <& — A
/ S > 25Mg2
CK, 0PGK, PK, |
ATPsynthase I A[dNTP]T
Oversaturation
Anabolism of
Support ] dNTP nuclear

CYTOPLASM NUCLEUS ool



Jorg Pedersen, South Denmark University, Biophisical enzymology

department, Denmark, Odense

Nikita Lukzen, Duke University, laboratory of magnetic biology, USA
William Robinson, Nantes University, Isotopic research center, France
Nicolas Turro (+), Ron Barthels, Columbia University, USA

Nima Amirshahi, Teheran Medical University, Iran

Xeng Wu, Nankin State University, China

S.A. Roumyantsev, M.A. Orlova, State Research center of gematology,

oncology and immunology, Russia

Wolfgang Maret, King’s college of London, UK



B .3y
jr| Tesdl |

Figure 14: [t aifect 1T de @ funclion of Fel, concantrstion (in mi; pay
sl lEnlicm 1en e T acoalés Ten e bl hae)



LA

[

1

Il

ZYRIRIT
by
JleaiT

Shode il mangele

[Lival

Al

(

( A

Figure 15 [xalgps wllwct 1T in the AT production by roitochanedia fom
il Tnenn] Gisename s 1 Tonsesliome of i com stz oy haese nitoehenelvim [Frei®] ix
Cﬂpfﬁﬁﬁﬂd In }lg par q ot mikecnenan,









e \




