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Briefly, lightpulses from a narrowband (<4 cm1, FWHM) dye laser operated at 663 nm (11) and a broadband (700 cml)dye laser operated in the 700-750 nm region (Is) are phase-
matched in aflowing BR (native or modified-retina pigment) sample, generating CARS signals spanning an approximately 700 cm1 spectral region (Aas). In order to cover the entire
750-1750 cmlspectral range of interest, either Alistuned afew nanometers or A sis adjusted by using a different laser-dye solution.
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For BR5.12, the C13=C14 retinal bond is locked in the trans configuration
by a rigid, five-membered carbon ring
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For BR5.12, the C13=C14 retinal bond is locked in the trans configuration
by a rigid, five-membered carbon ring
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WHAT INFORMATION ABOUT
VIBRATIONAL DYNAMICS IS
CONTAINED IN THE CARS BAND
SHAPE ?



Maxwell equation
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or BKY.12, the =Cl4 retinal bond is locked in the trans configuration
by a rigid, five-membered carbon ring
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ELECTRONIC DYNAMICS OF
BACTERIORHODOPSINE AND ITS MODIFIED
ANALOGS

Excited state absorption

Excited state absorption

llllllllll

» why the femtosecond spectra of
native BR-568 and locked analogs

are i1dentical ?
* why the stimulated emission

spectrum does not overlap with the
spontaneous fluorescence?

Fragsival spectral chanpm
Talliming cxcitsisem af 13014,
all-lnekeil Braeicrierlndapsin. H
.02, Dhetsibls ms b warlier Mpare.

Stimulated emission

Ground state bleaching

The results demonstrated that the initial ultrafast spectral changes
observed in native BR are virtually identical to those recorded for the

modified analogs including arise of the absorption/emission bands Stimulated emission
(460/860 nm) in less than 30 fs imulated emissio

Ground state bleachind



LINEAR AND NONLINEAR RESPONSES
VIBRATIONAL COUPLING
THEORETICAL MODEL
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PREVIOUS MODELS
Models
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Despite the great diversity of traditional and modern approaches of experimental and theoretical methods applied to

study the family of rhodopsins, Which are responsible for vision processes, thereis no generally accepted
view on ultrafast primary events



CONCLUSIONS-1

PROPOSED MECHANISM OF PRIMARY EVENTS
IN BR PHOTOCYCLE
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FREE RETINOIDS AND RETINOIDS BOUND
TO PROTEINS

Is femtosecond dynamics of retinoids ,,free” in solution different from that in
retinoids bound to proteins?

Answering this question is very important , because femtosecond dynamics could monitor free
retinol and retinol bound to proteins in cells providing information on the mechanism of retinol uptake
and signalling by STRA6

Model of the mechanism of retinol uptake and signalling by STRA6
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FEMTOSECOND SPECTROSCOPY

photodiode Elé

« chopper

-

Millennia Pro Tsunami
(Specira-Physics, (Spectra-Physics, ¢

100 fs, 82 MHz) delay line

TOPAS-Prime
(Light Conversion,

270 nm - 12 pm )

& ‘g s
g §=:- ikHz, 100f8) TOPAS-Prime
SRO&

(Light Conversion,
270 nm =12 pm )




PUMP-PROBE TRANSIENT ABSORPTION
FEMTOSECOND SPECTROSCOPY

the measured pump-
sample 5 probe signal is

ksignal proportional to the
imaginary part of the
detector polarization

AI(1) =20, (Im [E :_,I_P:":':' (7 j}

The pump-probe or transient absorption experiment is perhaps the most widely used third-order
nonlinear experiment. It can be used to follow many types of time-dependent relaxation processes and
chemical dynamics, and is most commonly used to follow population relaxation, chemical kinetics, or
wavepacket dynamics and quantum beats.



PUMP-PROBE TRANSIENT ABSORPTION
FEMTOSECOND SPECTROSCOPY

the measured pump-

-

pump b i ].1
probe signal is
pump T E,Wbc P le R proportional to the
imaginary part of the
polarization

detector
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The principle is quite simple: two pulses separated by a delay t are crossed in a sample: a pump pulse and a
time-delayed probe pulse. The pump pulse Epu creates a non-equilibrium state, and the time-dependent
changes in the sample are characterized by the probe-pulse Epr through the pump-induced intensity change
on the transmitted probe, Al



GROUND STATE BLEACHING OF RETINOIDS
IN SOLUTION (N-HEXANE, MAGIC ANGLE)
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GROUND STATE BLEACHING OF RETINOIDS
IN SOLUTION (CHLOROFORM)
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g . Retinyl paimitate in hexane
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EXCITED STATE ABSORPTION OF RETINOIDS IN
SOLUTION (N-HEXANE, MAGIC ANGLE)
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EXCITED STATE ABSORPTION OF
RETINOIDS IN SOLUTION (CHLOROFORM)
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B—CAROTENE
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The bleaching results correspond well to the excited state absorption (ESA) of the
S1 state shown in Figure. The ESA rises immediately the excitation and decays
biexponentially with the times of 1 and 9.5 ps. The first one reflects vibrational
relaxation in S1 state, the 9.5 ps reflects the decay to the SO state corresponding
perfectly to the lifetime of SO state recovery within 9.4 ps.




ALL-TRANS RETINAL
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Fig. 7 shows the electronic structure levels for all-trans retinal . It consists of three excited singlet states in the

30

near -UV-visible spectral region (Fig.2). The excited states S, A (nm*) and S; B (nn*) represent a polyene electronic

structure, S;(Nt*) represents the aldehyde group of all-trans retinal.
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ULTRAFAST DYNAMICS OF METAL
COMPLEXES OF TETRASULPHONATED
PHTHALOCYANINES
AT BIOLOGICAL INTERFACES OF THE HUMAN
TISSUE
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Femtosecond spectroscopy of
human breast tissues with
aluminum phthalocyanine

Normal tissue

130 £ 0.10fs,1.53 £ 0.19 ps,137.86 *
5.25 ps Cancer tissue

110+0.101s, 1.34%0.16 ps,140.72+7.86 ps
Film
830£100 fs, 7.31%£1.02 ps, 1 56.03+6.58 ps
Solutions
232.52181.00 ps, 5.09 £ 0.99 ps

$4 Feds080080°

—
(]
Q.
—
=
c
Q
=
g
Q
w
Ks]
[}
-
c
Lot
»
c
o
pren)

200 400 600 800 1000
time delay (ps)

pump 677 nm, probe 670 nm
P58

H. Abramczyk, B. Brozek-Pluska, E. Freysz, M. Tondusson,
J. Phys. Chem. C 2013, 113, 4999.




Femtosecond spectroscopy of
human breast tissues with
aluminum phthalocyanine

Cancer tissue

810+0.0.04 fs, 5.63+0.49 ps, i 59.90+1.85 ps
Normal tissue

176 £+ 0.20 fs, 840 + 0.42 fs, i 6.03 + 1.92 ps
Solutions

345.81+107.00 ps, 2.37 +0.71 ps

200 400 600
time delay (ps)

pump 677 nm, probe 602 nm
P58

H. Abramczyk, B. Brozek-Pluska, E. Freysz, M. Tondusson,
J. Phys. Chem. C 2013, 113, 4999.




OD)

AA(Y) (

solution

@)
—
o
| -
@)
(7]
i®)
©
)
c
()
)
c
©
| -
-

200 400 600 800 1000
time delay (ps)

the results showed that the dynamics of the photosensitizer was markedly faster in the interfacial regions of the biological tissue than

in solutions. Second, the photosensitizer localized in noncancerous tissue dissipates the energy through different pathways than that in
cancerous breast tissue.
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the results showed that the dynamics of the photosensitizer was markedly faster in the interfacial regions of the biological tissue
than in solutions. Second, the photosensitizer localized in noncancerous tissue dissipates the energy through different pathways
than that in cancerous breast tissue.
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We have shown that the lifetimes characterizing both the ground state S, and the first excited state S, in the interfacial regions
of noncancerous tissue are markedly shorter than those in cancerous tissue.




RAMAN SPECTRA OF RETINOIDS
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METHODS OF MOLECULAR AND LASER
MICROSPECTROSCOPY IMAGING

Raman imaging IR imaging SNOM imaging AFM imaging

We do not need to disrupt cells to break open the cells and
release the cellular structures



CONVENTIONAL MOLECULAR BIOLOGY

proteins
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Isolation of DNA from Cells and Tissues

DNA can be extracted from many types of cells. The first step is to lyse or break open the cell. This can be done by
grinding a piece of tissue in a blender. After the cells have broken open, a salt solution such as NaCl and a
detergent solution containing the compound SDS (sodiumdodecyl sulfate) is added.

Isolation of Mitochondria from Cells and Tissues

Mitochondrial isolation protocols involve two processes — cell disruption to break open the cells and
release the cellular structures, and differential centrifugation to recover fractions that are enriched



IN RAMAN IMAGING WE DO NOT NEED TO DISRUPT
CELLS TO BREAK OPEN THE CELLS AND RELEASE THE
CELLULAR STRUCTURES TO LEARN ABOUT THEIR
BIOCHEMICAL COMPOSITION

Hoechst 33342

CLR1718

Abramczyk et al. LLSM, 2018



The real-time In vivo neurosurgical
Raman system in our |aboratory
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IN VIVO RAMAN OPTICAL BIOPSY ON RAT BRAIN
IN LABORATORY OF LASER MOLECULAR
SPECTROSCOPY




RAMAN SPECTROSCOPY
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IN VIVO RAMAN OPTICAL BIOPSY IN RAT BRAIN
IN LABORATORY OF LASER MOLECULAR
SPECTROSCOPY
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VISUALIZATION OF LIPISD DROPLETS
CHEMISTRY

 While in some cases the morphology is a good indicator for metabolic changes in
cells, it can be of equal importance to know cellular contents. In the case of LDs,
changes in carbon saturation and chain length can be linked to diseases



TAG CHAIN LENGTH AND SATURATION
MAPS IN SITU

* TAG saturation can be mapped in differentiated 3T3-L1 adipocytes from BCARS
spectra using the ratio of 1650 cm-1 / 1450 cm-1 [232]. Di Napoli et al. show further
that this ratio can be used both on phase-retrieved spectra and from raw CARS
images along with 2930 cm-1 / 2885 cm-1 and 3010 cm-1 / 2855 cm-1 [233].



TAG CHAIN LENGTH AND SATURATION
MAPS IN SITU

 The disadvantage of this ratio is that only one quantity for TAG chemistry, the
number of double bonds, is determined while the chain length is not taken into
consideration. In algae, it has been shown that the 1650 cm-1 / 1450

* cm- 1 from spontaneous Raman spectra can be correlated with number of double
bonds and Nc=c/NCH2. This allows then the calculation of the chain length [235].
However, since the data is collected with spontaneous Raman spectroscopy, the
measurements are slow causing low throughput.



TAG CHAIN LENGTH AND SATURATION
MAPS IN SITU
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LIPID DROPLETS IN NORMAL MCF10A
EPITHELIAL CELLS OF BREAST vs
MILDLY MALIGNANT MCF1I AND

AGRESSIVELY MALIGNANT MDA-MB-231

MCF10A - normal MCFT - mildly

15/cell

The goal of our study will be to assess the
impact of cancer aggressiveness on the
amount of cytosolic lipid droplets and
their chemical composition in non-
malignant and  malignant human
epithelial cell lines.

Abramczyk et al. Analyst, 2015



LIPID DROPLETS IN ASTROCYTES VS
GLIOBLASTOMA US89

29 /cell

67/cell

Astrocytes —normal cells Astrocytoma -malignant gjioblastoma U89-
cells highly malignant cells

Cancer cells contain increased numbers of lipid droplets

compared with normal cells.

Increased amount of lipid droplets correlates with

increased aggressiveness of cancer.

The increased amount of cytoplasmic lipid droplets in
the human cancer cells may be closely related to
increased rate of lipid synthesis in cancerous tissues.

Abramczyk et al. LLSM, 2018



THE SPATIAL DISTRIBUTION OF RETINOIDSIN
NORMAL ASTROCYTESAND GLIOBLASTOMA CELLS

TAG *
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§ ) Retinyl esters
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THE SPATIAL DISTRIBUTION OF RETINOIDSIN
GLIOBLASTOMA CELLS: RETINOIDSIN
I\/IITOCHONDRIA LIPID DROPLETS, NUCLEUS

In Raman imaging we
do not need to disrupt
cells to break open the
cells and release the
cellular structures to
learn about their
biochemical
composition in lipid
droplets, nucleus,
mitochondria




THE SPATIAL DISTRIBUTION OF RETINOIDSIN
NORMAL ASTROCYTESAND GLIOBLASTOMA.
RESONANCE RAMAN AND POLARIZATION
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RAMAN IMIGINGTHE SPATIAL DISTRIBUTION OF
RETINOIDSIN MEDULLOBLASTOMA (HUMAN
BRAIN TISSUE) GRADE IV
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RAMAN AND MRI IMIGING THE SPATIAL
DISTRIBUTION OF RETINOIDSINASTROCYTOMA
(HUMAN BRAIN TISSUE) GRADE I1/111
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CONCLUSION

Two types of lipid droplets in normal astrocytes and cancer cells of
glioblastoma with distinct chemical compositions, biological functions and

vibrational properties have been found.

The two types of lipid droplets are related to different functions - energy
storage and signalling. Their expression and biochemical composition depend

on cancer aggrveness.



* The first group is dominantly filled with TAGs and is involved in energy storage.

 The second group is mainly filled with retinyl esters and retinol binding proteins and is
involved in signalling, especially JAK2/STAT6 pathway signalling.
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GENERAL CONCLUSION

Raman 1imaging, together with ultrafast time resolved
spectroscopies are revealing functional aspects of retinoids
at a new molecular level. These multidisciplinary
approaches for free and protein bound retinoids combined
with suitable cell cultures, ex vivo tissues, animal models
can be especially helpful in translating these findings into
therapeutic options for further development in animals and
eventually in humans.



TIME RESOLVED SPECTROSCOPY AND
STIMULATED RAMAN SPECTROSCOPY

stimulated Raman spectroscopy [158-161]. These methods

should be able to help resolve the ongoing pmblems of

understanding the pattern of carotenoid excited singlet
states and their involvement in light harvesting. They
should be able to resolve the key issues of which absorption
changes reflect discrete electronic states and which come
from different vibrational ones. Sorting this out will
hopefully remove many of the current controversies.




