BAY o ’
\ Litsgétﬁ,ré semi/ar :
202193

M2 Iarﬁiko NG




Contents

» Introduction
- Raman spectroscopy
- Surface-enhanced Raman spectroscopy (SERS)
» Label-free method
-SERS for nuclear profiling
-SERS for nuclear imaging
» Labeling method
-Alkyne-tag Raman imaging (ATRI), Histone imaging using ATRI
-SERS detection of nucleus with ATRI-tag

» Mini-proposal

» Summary



Contents

> Introduction
- Raman spectroscopy

- Surface-enhanced Raman spectroscopy (SERS)



Raman scattering
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v' Raman scattering is an inelastic process in which
the molecule returns to a higher or lower

vibrational state.

v' Raman scattering reveals the vibrational,
rotational and other low frequency modes of

molecules

Bakthavatsalam, S.;...Sodeoka, M. RSC Chem. Biol. 2021.
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Raman spectroscopy

Raman spectra of biological molecules
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Raman imaging of living cells

Raman spectra obtaified from the cytosol iving ce
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Fluorescence microscopy vs Raman microscopy

<Fluorescence microscopy >
v" Images with very high spatial resolution.
v The high temporal resolution.

Sz 'y

0 Labeling of the target biomolecules with fluorescent small
S F molecules / genetically encoded fluorescent proteins.

: - Large enough to affect the biochemical/biophysical

5 properties of the target biomolecules.
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Surface-enhanced Raman spectroscopy (SERS)

O Since typical Raman scattering signals are compared to fluorescence yields.
; The measurement of Raman spectra usually requires long exposure times, making
observations of living specimen difficult.

Surface-enhanced Raman spectroscopy (SERS)

The Raman signal of the target molecule is enhanced when it is close to the surface
of metals such as silver or gold.
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Ando, J.; Fujita, A, K. Rev. Laser Eng. 2010, 38 (6), 427.



Surface-enhanced Raman spectroscopy (SERS)

Incident Electric field Oscillation of free electrons 3 ]¢ (w) — &m E
= surface plasmon — 0
3 4 |e(w) + 2¢,,
P : polarization, (w) : dielectric function
&m : dielectric constant, E; : external electric field

Re[e(w)] = —2¢,,
: Localized Surface Plasmon Resonance

Metal nanoparticles

v’ Localized surface plasmon polaritons are generated due to oscillation of free electrons in
the metal.

v SERS can enhance the Raman signal on average by 10* to 108 times, and up to 1014-10%°
times.

v’ Optical detection and spectroscopy of single molecules have been achieved.

Ando, J.; Fujita, A, K. Rev. Laser Eng. 2010, 38 (6), 427.
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SERS for nuclear analysis

Nuclear localization signal peptides (NLS)

SV40 large T antigen : GGVKRKKKPGGC n o 9 11 Targeting agent-modified GNPs
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v Conjugation with NLS allows the targeting of NPs to the cell nucleus.

Wubben, J. M.;... Borg, N. A. Cells 2020, 9 (12), 1 Chen, Y.; ... Wu, J. Int. J. Nanomedicine 2020, 15, 9407.. 11



SERS for label free Nuclear analysis

B Cell nucleus imaging durlng the cell cycle

Cell cycle Rayleigh images
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B Intracellular monitoring of pH
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A Raman reporter Labelled Probe
PAH molecules
o RESDa H ﬁ H
LHRH Pepdite T ¥em:ﬁmne [Jrlembrane Nucleus
argetin argeting Targeti
Au-Nps  FAmolecules | Ramagn Prgbe Raman Prol Rar:l;gn Plr"o
(40 nm) (~ ' -coated) (CVa-coated) (MBA-coated)

Huefner, A.;... Mahajan, S. Nano Lett. 2013, 13, 2463. 12
Chen, Y.; ...; Hu, J.. Sci. Rep. 2016, 6, 1



AuNR-MPy-targeting (AMT) pH nano-sensors

<AuNR-MPy-targeting (AMT) pH nano-sensors>
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AuNR-MPy-targeting (AMT) pH nano-sensors

<AuNR-MPy-targeting (AMT) pH nano-sensors>
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Intracellular monitoring of pH fluctuations in organelles of cancer and normal cells
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v' The pH of the subcellular organelles in the cancer cells is more acidic as compared to

that in the normal cells.
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15



Contents

» Introduction
- Raman spectroscopy
- Surface-enhanced Raman spectroscopy (SERS)
» Label-free method
-SERS for nuclear profiling
-SERS for nuclear imaging
» Labeling method
-Alkyne-tag Raman imaging (ATRI), Histone imaging using ATRI
-SERS detection of nucleus with ATRI-tag

» Mini-proposal

» Summary

16



SERS imaging of the time-dependent changes of cell nuclei during apoptosis
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PAH\ /molecules .\ - /. ‘
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& ./ ' \.
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Early apoptosis stage
: diminishing nuclei and slight
condensation of chromatin

Late apoptosis stage :

: chromatin decomposition and nuclear

membrane ru ptu re The high-resolution SERS imaging of HelLa was constructed
from the total SERS intensity between 490 and 1630 cm™.

Chen, Y.; ...; Hu, J.. Sci. Rep. 2016, 6, 1 17



Multi-targeting SERS imaging of cell

A Raman reporter Labelled Probe
PAH molecules
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SERS imaging of a cell treated with Raman-dye coated AuNP

Q 9
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v' The membrane- or nuclear-targeting AuNPs were found inside the nucleus and
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Chen, Y.; ...; Hu, J.. Sci. Rep. 2016, 6, 1
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Multi-targeting SERS imaging using coated AuNPs in the same single cell

O 09

v The positions of the nucleus and membrane
can be clearly distinguished.

v" The multi-targeting SERS imaging of various
dye-AuNPs in the same cell.

Chen, Y.; ...; Hu, J.. Sci. Rep. 2016, 6, 1
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Alkyne-tag Raman imaging (ATRI) for nuclear imaging

A: EdU + AltQ2-merge | B: Control-merge
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v" Alkynes have strong Raman signals in the cellular silent region and can Z
be excellent tags. AlQ2

v" Multi-color imaging with ATRI was achieved due to the narrow line
width of alkyne peak.

Yamakoshi, H.; ...S.; Sodeoka, M.. J. Am. Chem. Soc. 2012, 134, 20681. Palonpon, A. F.; S.; Fujita, K. Nat. Protoc. 2013, 8, 677. 22



Histone imaging with Raman tag incorporated via genetic code expansion
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Incorporation of a Raman tag via genetic code expansion

(b)
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v" A clear image of the Histone3.3 protein in the nucleus was observed @2135 cm™.
v" The vibrational signal of alkyne was very weak.

Zhang, J.;... Wang, P. J. Phys. Chem. Lett. 2018, 9, 4679-4685.
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Incorporation of a Raman tag via genetic code expansion
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v In the nucleus a strong Raman signal was observed @2225 cm™.

Zhang, J.;... Wang, P. J. Phys. Chem. Lett. 2018, 9, 4679-4685.
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SERS detection of nucleus with ATRI-tag
EdU as a nucleus localization interior label for SERS detection

EdU (ATRI-tag) was adopted as an internal label to locate the nuclear region accurately.

SERS ( Nucleus + Raman tag)
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two accumulations. (II) Spontancous Raman (C) and SERS spectra (A
and B) of nucleus of MCF-7 cells without and with AuNRs-PEG-NLS

(0.05 nM). SERS spectra (A) of nucleus of MCF-7 cells with 200 uM
EDU. with the laser power of 4.3 mW, a collection time of 40 s, and two
accumulations

Zhang, J.; ..Xu, W. Anal. Bioanal. Chem. 2018, 410, 585. 27



EdU as a nucleus localization interior label for SERS detection
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v EdU as a nucleus localization interior label can allow us to realize accurate location of nuclei.
— Obtaining precise SERS spectra of nucleus to investigation the biomolecules from the cell

nucleus by SERS.

Zhang, J.; ..Xu, W. Anal. Bioanal. Chem. 2018, 410, 585.
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Summary

v

Raman imaging can be performed without labelling or with minimal labelling and
obtain information in molecular detail level.

SERS enhance the Raman signal of the target molecule when it is close to the surface
of metals such as silver or gold.

SERS can be applied for nuclear analysis and the dynamics tracking of physiological
processes.

ATRI realized the multi-color imaging of biological molecules using alkyne functional
group.

Combination of ATRI and SERS realized the detection of precise nuclear signal.
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