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Bevezetés a festékjeldlésektdl mentes 3D mikroszképiaba (2PEF, SHG, CARS)

Pasztazo kétfoton (2PEF) mikroszkdp atalakitdsa SHG és CARS mérésekre (a prototipus)
Az ipari kivetel( CARS mikroszkopias mérGrendszer

Alkalmazasok a b6rgyogyaszatban

Alkalmazasok az idegtudomanyban (ld. Ozsvar Attila (SZTE))

Osszefoglalas, kitekintés (FiberScope/CARS, GRIN lencsék, SRS mérések)
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3D képalkotas elve: optikai , szeletelés”

Figure 1

Optical sectioning scheme. A three-dimensional sample
can be sketched as a series of optical slices. Let's call slice j
the one containing the geometrial focus of the objective and
refer to the adjacent planes as k slices. The sample contains a
three-dimensional distribution of fluorescenty labelled mole-
cules whose intensity distribution is |, slice by slice. The
thickness of each optical slice is approximately one half of the
axial resolution, say =i/2.
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Optikai ,,szeletelés” megvaldsitasa konfokalis fluoreszcencia
mikroszképokban és a nemlinedris mikroszképidaban (2PEF, SHG, CARS)
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Egy pasztazé 3D 2PEF (, kétfoton”) mikroszkép fontosabb egységei
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A nemlinearis mikroszkdpiaban hasznalt folyamatok
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CARS: Coherent anti-Stokes Raman Scattering

SHG: Second-Harmonic Generation

TPEF: Two-photon excitation fluorescence



Quisner

Szipocs Group

Raman spektroszkopia, infravoros spektroszkopia

Molekularis rezgési allapotok sajatenergiai

The atomsin a CH; group, commonly found in organic compounds, can vibrate in six different ways: symmetric and
asymmetric stretching, scissoring, rocking, wagging and twisting as shown here:
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The Raman spectrum of the P22 virus showing characteristic vibrational frequencies observed
in biological samples. Several vibrational modes of particular interest in vibrational
microscopy are labeled (blue). The O-P-O stretching vibration arises from the vibration of the
DNA backbone. The amide-I band is characteristic of proteins and can be used to map out
protein density. The CH-stretching band is typically used to image lipids in biological
samples. The Hy O-stretching vibrations of water are important for following water flow and
density. Adapted with permission from Reference 79.
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CARS mikroszkopia, fontosabb osszefuggések

CARS
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Megjegyzés: két hullamhosszon, azonos ismétlési frekvencian
miikodo impulzusiizemii (fs-os vagy ps-os) lézerrendszer kell!



Quisner

Szipocs Group

CARS lézerrendszer, a koncepcio
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Fig. 1 Setup of the CARS extension unit

Kolonics A, Csdti D, Antal P, Szipdcs R; A simple, cost efficient fiber amplifier wavelength extension unit for broadly tunable,
femtosecond pulse Ti-sapphire lasers for CARS microscopy; In: Proc. BBOMED Biomedical Optics and Digital Holography and Three
Dimensional Imaging (Miami, Florida, United States, April 28-May 2 2012); OSA Technical Digest Series; BSu3A.28 /1-3 (2012)
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CARS lézerrendszer, a koncepcio
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Magimpuzusok keltése Yb-erdsit6hoz fotonikus kristaly szalban

Kolonics A, Csdti D, Antal P, Szipdcs R; A simple, cost efficient fiber amplifier wavelength extension unit for broadly tunable,
femtosecond pulse Ti-sapphire lasers for CARS microscopy; In: Proc. BIOMED Biomedical Optics and Digital Holography and Three
Dimensional Imaging (Miami, Florida, United States, April 28-May 2 2012); OSA Technical Digest Series; BSu3A.28 /1-3 (2012)
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Az Yb-szalerdsit6 felépitése
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Kolonics A, Csdti D, Antal P, Szipécs R; A simple, cost efficient fiber amplifier wavelength extension unit for broadly tunable,
femtosecond pulse Ti-sapphire lasers for CARS microscopy; In: Proc. BIOMED Biomedical Optics and Digital Holography and
Three Dimensional Imaging (Miami, Florida, United States, April 28-May 2 2012); OSA Technical Digest Series; BSu3A.28 /1-3

(2012)
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A Wigner FK-ban elkészitett prototipus CARS rendszer

Kolonics A, Csdti D, Antal P, Szipdcs R; A simple, cost efficient fiber amplifier wavelength extension unit for broadly tunable,
femtosecond pulse Ti-sapphire lasers for CARS microscopy; In: Proc. BIOMED Biomedical Optics and Digital Holography and Three
Dimensional Imaging (Miami, Florida, United States, April 28-May 2 2012); OSA Technical Digest Series; BSu3A.28 /1-3 (2012)
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Tesztmeérések szén nanocsoveken
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] Raman csucs: Q = 2577 cm™?
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The 2P autofluorescence (left) and the CARS signal (right) detected on the “red” channel of the nonlinear microscope for non-zero (left)
and zero (right) delay difference between the pump and the Stokes pulses

Csati D, Antal P, Szip6cs R: ,,An inherently synchronized Yb fiber laser extension unit for broadly tunable, femtosecond pulse Ti-
sapphire lasers for CARS microscopy,” In: Proc. FILAS Fiber Lasers and Applications, (San Diego, California, February 1-3, 2012);
OSA Technical Digest Series; Paper JTh2A.29/1-3 (2012)
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Tesztmérések olajjal kezelt egérfilon

CARS CARS-delayed
Raman csucs: Q = 2845 cm™?!

Ear Yb lézer hulldmhossza:1030 nm (9708 cm™1)
TiS lézer hulldmhossza: 796 nm (12563 cm™1)
anti-Stokes jel: 651 nm-en

Ear +

Qil

Olajjal kezelt és nem kezelt egérfiilrél készitett CARS mikroszkopias képek

Kolonics A, Csdti D, Antal P, Szipdcs R; A simple, cost efficient fiber amplifier wavelength extension unit for broadly tunable,
femtosecond pulse Ti-sapphire lasers for CARS microscopy; In: Proc. BIOMED Biomedical Optics and Digital Holography and Three
Dimensional Imaging (Miami, Florida, United States, April 28-May 2 2012); OSA Technical Digest Series; BSu3A.28 /1-3 (2012)
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Tesztmeérések in vitro zsirszoveten
CARS CARS-késleltetett CARS-elhangolt Raman CSLI]CS: Q _ 2845 Cm'l

Yb lézer hulldmhossza:1030 nm (9708 cm™)
TiS lézer hulldmhossza: 796 nm (12563 cm™)

anti-Stokes jel: 651 nm-en

Fehér
sirszdvet

CARS
"Z-stack"

Egér zsirszovetrdl készitett 3D CARS mikroszkdpias képek

Kolonics A, Csdti D, Antal P, Szipdcs R; A simple, cost efficient fiber amplifier wavelength extension unit for broadly tunable,
femtosecond pulse Ti-sapphire lasers for CARS microscopy; In: Proc. BIOMED Biomedical Optics and Digital Holography and Three
Dimensional Imaging (Miami, Florida, United States, April 28-May 2 2012); OSA Technical Digest Series; BSu3A.28 /1-3 (2012)
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Ipari kiviteld CARS mikroszkopias mérdrendszer
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FemtoCARS

the
Label-free, 3D Microscopic Imaging System for Real-time in vivo Diagnostics
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str. corneum: keratin (TPEF) str. spinosum: NADH (TPEF) str. basale: NADH (TPEF)

dermis: elasztin (TPEF) dermis: kollagén (SHG) subcutis: zsirsejtek (CARS)
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In Vivo Second-Harmonic Generation and Ex Vivo Coherent Anti-Stokes Raman Scattering

Microscopy to Study the Effect of Obesity to Fibroblast Cell Function

CARS SHG Van Gieson
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Fig. 2. Results of body weight changes and SHG intensity of dermal
collagen measured and followed-up for 30 weeks. A: Increase of body
weight in groups of mice during 30 weeks. At the beginning of the
experiments (week 0) animals in various diet groups were already dif- y » - -"- ol - h
ferent; animals with leptin deficiency had higher body weight com-

pared to controls. ‘At week 8 the bo':'l.\" weight inerease of ob/ob—ND Fig. 4. Comparizon of adipocyte sizes by CARS measurement and 0.6 mm®. The enlarged adipocytes, damaged collagen fibers and thin-
group was appl'oxlmat@l}’ twofold hlghEl' Cﬂmpﬂl'ed to other ETOUups. the collagen morphology, determined by SHG, and ex vivo van Gieson  ner dermis in case of leptin deficient mice are clearly visible, in con-
The body weight of ob/ob—CRD group stayed relatively constant staining of control and ob/ob—ND groups. The 3D CARS and SHG  trast to control group. [Color figure can be viewed in the online issue,
from week 8. Error bars represent standard deviation (SD) B: SHG images are projected in z-direction and imaging area is ~0.6 x  which is available at wileyonlinelibrary.com.]

Haluszka, D., L6érincz, K., Molnar, G., Tamas, G., Kolonics, A., Szip6cs, R., Karpati, S. and Wikonkal, N. M: ,,In vivo second-harmonic
generation and ex vivo coherent anti-stokes Raman scattering microscopy to study the effect of obesity to fibroblast cell
function using an Yb-fiber laser-based CARS extension unit,” Microsc. Res. Tech. 78, 823-830 (2015)



A 2. tipusu diabétesz és a bér kollagén szerkezetének
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Ob/Ob egerek

a 2-es tipusu diabétesz (csokkent
érzékenység) modellallatai

inzulin

ob gén — leptin — étvagy szabalyozasa

leptint kodold gén mindkét allélja hibas — falank,
elhizott

2-es tipusu diabétesz

bor Kkollagén

vizsgalata ob/ob knockout egereken, in vivo
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szerkezetének valtozasai
3 egércsoport

AGEs (advanced glycation endproducts)
gliik6z eredetli glikalt végtermékek

bor autofluoreszcencia és SHG intenzitas értékei
valtoznak

megnovekedett zsirsejtek-szabad zsirsavak —
csokken a fibroblast sejtek proliferacioja +
novelik a MMP13 szintjét — tovabbi szabad-gyok
termelés — metabolikus betegségek + a bor korai
oregedése

weight (g)

Ezure T. and Amano S., Negative regulation of dermal fibroblasts by enlarged
adipocytes through release of free fatty acids. J Invest Dermatol, 2011. 131(10):
p. 2004-9.

D. Haluszka, R. Szipécs, N. Wikonkal, A. Kolonics: Characterization of Obesity in
Murine Skin in vivo by CARS and SHG Microscopy Using a Cost Efficient, Fiber
Laser Based Wavelength Extension Unit, paper WeP-T1-P-13 (2014)
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in vivo CARS

Brick-like pattern of the
stratum corneum (skin barrier)

Skin celis "bricks")

29

keratinocitak — ,,tégla

Liphds | "'mortar)

lipid — ,,habarcs”

TGM-3

2. o
.m [
= -
£ -
=] =1
I B
= =
70 |-rm
= =

Bognar P, Nemeth I, Mayer B, Haluszka D, Wikonkal N, Ostorhazi E, John S, Paulsson M, Smyth N, Pasztoi M, Buzas El, Szipocs R, Kolonics A, Temesvari E,
Karpati S., Reduced inflammatory threshold indicates skin barrier defect in transglutaminase 3 knockout mice. J Invest Dermatol, 134(1) 105-111 (2014)
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CARS SYSTEM INSTALLED AT UNIVERSITY OF SZEGED

Related articles

CARS imaging system installed at the University of Szeged, Department of Neurology (Prof. Gabor Tamas lab), June 2014

Photo Gallery
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CARS mikroszkopia alkalmazasa az idegtudomanyokban

(Id. Ozsvar Attila (SZTE) el6adasat)

In 2012, a novel, cost efficient CARS imaging setup was
developed at Wigner RCP of HAS (Csati, 2012), which was used
for label-free, 3D microscopic imaging of different biological
samples, such as white adipose tissue (Kolonics, 2012). A
commercial version of the prototype CARS system at Wigner RCP
has been constructed and built for the University of Szeged (USZ)
by the end of 2012 by the R&D Ultrafast Laser Ltd in
collaboration with Carl Zeiss Jena. The CARS imaging system
comprises a femtosecond pulse, tunable Ti:sapphire laser (R&D),
an inherently synchronized two-stage Yb-fiber amplifier unit
(R&D), a CARS Unit (R&D) and a CARS-upgraded version (Wigner)
of Axio Examiner LSM 7 MP microscope (Carl Zeiss). Using this
commercial setup, researchers at USZ (Molnar G) and Wigner Figure 1. CARS image of myelin fibers in
RCP (Szipdcs R) have demonstrated that this novel CARS-imaging :Epa::r:zi_ RENRE 00 (L. M 0
setup allows for label free imaging of the brain (Figure 1.). For
instance, tuning their CARS setup to CH; vibration of myelin lipids, they could record high quality 3D
CARS images of the myelin. Since myelin loss and axonal degeneration are the pathological hallmarks
of several inherited and acquired neurological disorders, a method that allows simultaneous
visualization of the two inter-related processes in live tissues may have great research utility. Such
method had not been available prior to the introduction of the CARS system.

multiplex allatmodeliben coherent anti-
Stokes Raman scattering mikroszkopidval



