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Eye:
Lens and crystallines,
Retina and visual cells (rods and cones)

Sclera Choroid

Cornea

Ciliary body



A study of lamellar structure of rod outer segments
and Its photoreceptor discs at different physiological and
radiological conditionsisapossible goal of future investigations
at JINR basic facilities
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Rod cell, photoreceptor disc
and helix bundle model of rhodopsin
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Two-dimensional model of rhodopsin molecule
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Three -dimensional model of rhodopsin molecule




Theretinal chromophore-binding pocket of rhodopsin molecule:

B: aview from within the plane of the membrane bilayer
(retinal 1s colored magenta)




Spectral diversity of visual pigments
within the rods and cones of turtle retina
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Photochemistry of vision:
primary photoreaction of rhodopsin chromophore — 11-cisretinal

Exited Stat Msm“em ation (The only photochemical reaction in vision)
Photorhodopsin (585 nm)

(all-frans retinal)

photon

Rhodopsin (500 nm)



Theoretical and experimental studies of
spectral tuning
and

ultrafast (fs) photoisomerization

of 11-cisretinal as a chromophore

within the rhodopsin molecule are
tempting goals of future investigations

al JINR basic facilities



Photobiology of vision:
bleaching of rhodopsin and triggering of visual cascade

Exited State_= 200 1s cis-frans isomeriz ation (The only photochemical reaction in vision)

Photorhodopsin (585nm)

{15 s
Bathorhodopszin (543nm)

170 ns
photon Lumirhodopsin (49 7nm)
l 120 ps
Metarhodopsin Ia (47 8nm)
l 73 TS
Metarhodopsin Ib (458nm) bind to transducin
l 12 ms (bleaching)

Metarhodopsin 1I (380nm) GDP to GTP exchange
mimutes (Rh* triggers the cascade)

Rhﬂdﬂpﬁi“ (500 “m) opsin + all -trans retinal (3301“1'1)



Conformational changes of rhodopsin molecule:
Site-directed spin labeling of rhodopsin (Cys140 and Cys316)
(Pogozevaet al., 1985)
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Conformational changes of rhodopsin molecule:
Spin-label mobility increase during the transition
from rhodopsin to metarhodopsin Il (Pogozevaet al., 1985)
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Radiobiology of vision:
Effects of heavy charged particles
on function of retina and visual cells (electrical activity),
and rhodopsin molecule (bleaching and regeneration)




Effects of heavy charged particles on electrical activity (ERG)

of isolated frog retina (Trukhanov et al., 2001)
L eft: ERG induced by light and deuteron pulses are similar
Right: Irreversible fall of eectrical activity of isolated retina
as aresult of deuteron irradiation
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Effects of heavy charged particles on rhodopsin in solution

(Differential absorption spectra of rhodopsin)
Left: Deutrons irradiation induces a partial rhodopsin bleaching.
Right: The ability of rhodopsin for regeneration after 11-cisretina adding
IS reduced as aresult of deutrons irradiation
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Lens and Radiation-induced cataract

Choroid

Sclera

Cornea
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“Radiation-induced cataract in astronauts and cosmonauts’
Rastegar et al, 2002

e From Abstract:

e Background. “...... Astronauts and cosmonauts are
exposed to relatively high doses of all types of radiation
In space, including high-energy particleradiation...”

o Results. “Initial results indicated that opacity valuesin
most of the astronauts and cosmonauts were slightly to
strongly increased...”



Simultaneous eximer laser (308 nm) irradiation
and transmittance measurement (Ostrovsky et al., 2002)

Sample of native lens or

Quartz Cuvette solution of crystallin
(10 x 3 mm)
Diode Laser Power <
(4.2 mW, 670 nm) Meter §- 3
R —— <! — 3 |
Neutral Density—2 = %
Filters Q
308 nm |\/| ask
Digita
XeCl Excimer Vot Meter
(50 Hz, 0.5 W nom.,.
308 nm) \_
Quartz Flat Pentium Computer

(10 % Beamsplltter)




| solated mouse |ens nucleus:

UV -induce light scattering increase (lose of lens transparency)
(Ostrovsky, 2002)
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Sengitivity of three major classes of crystallinsto
UV-induce aggregationsis. y>[3>>>0(Ostrovsky et a., 2002)
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A study of recombinant rBA3 crystallin
Three-dimensional structure of rBA3 crystallinin
monomer (left) and dimer (right) forms (Sergeev et al., 2000)
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S0, theloss of the terminal extension increases the tendency
of truncated (3-crystallin (rBA3tr):

-- to associate into dimers (Sergeev et al., 1998),

-- to aggregate as aresult of UV-irradiation (Ostrovsky et al., in
press).

It could be assumed that similar damage to lens crystallins
molecules induced by UV light, X-rays, high-energy particle
radiation can leads to similar consequence: insoluble protein
formation and catar act.

Future: Simultaneous high-energy particles irradiation and
transmittance measurement can be useful technique to study
molecular mechanisms of radiation-induced cataract.



A future structural and functional studies
of vision at JINR basic facilities are:

molecular mechanisms of heavy particles-induced
cataract. damage to lens crystallines and whole lens,;

molecular mechanisms of heavy particles-induced
damage to rhodopsin molecule and retina cells,

fine structure of rod outer segment, disk membrane,
rhodopsin molecule and its light- and radiation-induced
changes,

nature of spectral tuning and ultrafast photochemical
reaction of visual pigments.



