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Hadrontherapy / Particle therapy : Cancer therapy with accelerated ions
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Radiolysis of Myoglobin by 2 MeV Protons
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Radiolysis of Myoglobin by 2 MeV Protons
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Radiolysis of thin hydrogels
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Radiolysis of thin hydrogels
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Infrared spectra: secondary structure
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Infrared spectra: secondary structure
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Infrared spectra: secondary structure
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Infrared spectra: carbon monoxide
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Infrared spectra: carbon monoxide
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UV-Visible spectroscopy

Increasing dose
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UV-Visible spectroscopy
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UV-Visible spectroscopy

Increasing dose
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UV-Visible spectroscopy

Increasing dose

0.0E+0

5.0E+4

1.0E+5

1.5E+5

390 440 490 540 590 640

Ep
si

lo
n

, M
-1

.c
m

-1

Wavelenght, nm

Fe

CO

FeII

Fe

H2O

- Formation of deoxyMb
- Reaction with CO 
MbCO

- Degradation of heme

0.0E+0

2.0E-3

4.0E-3

6.0E-3

8.0E-3

1.0E-2

1.2E-2

0E+00 1E+13 2E+13 3E+13

C
o

n
ce

n
tr

at
io

n
, M

Ion Fluence, cm-²

Multicomponent
analysis

Degraded Heme

Mb

MbCO

deoxyMb

Mb

MbCO
deoxyMb

19



Comparing data: source of CO
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Comparing data: source of CO

0.0E+0

1.0E-3

2.0E-3

3.0E-3

4.0E-3

5.0E-3

6.0E-3

0E+00 1E+13 2E+13 3E+13

C
o

n
ce

n
tr

at
io

n
, M

Ion Fluence, cm-²

MbCO = 1943 cm-1

Degraded Heme = CO

Absorbing species IR 1943 cm-1

Same evolution as MbCO same species

Same evolution degraded heme / total CO
Source formation CO = degradation of heme 

Biological main mechanism CO production 
 heme degradation (heme oxygenases)

21

Absorbing species IR 1964 cm-1

Heme degradation species



Comparing data: source of CO

0.0E+0

1.0E-3

2.0E-3

3.0E-3

4.0E-3

5.0E-3

6.0E-3

0E+00 1E+13 2E+13 3E+13

C
o

n
ce

n
tr

at
io

n
, M

Ion Fluence, cm-²

MbCO = 1943 cm-1

Degraded Heme = CO
Degradation of MbCO

Absorbing species IR 1943 cm-1

Same evolution as MbCO same species

Same evolution degraded heme / total CO
Source formation CO = degradation of heme 

Biological main mechanism CO production 
 heme degradation (heme oxygenases)

Absorbing species IR 1964 cm-1

Heme degradation species



Conclusions

First observation radiolysis of a native concentrated protein with ions (H+)

Secondary structure: Well-defined final conformation
Mainly Beta structure

Carbon monoxide: Important formation of CO under irradiation
Source heme degraded under irradiation

No clear correlation with structural changes

Carbon monoxide strong influence on the metabolism of cells
Could play a role in biological response under ion therapy

Molecular study
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