Vibrational and nonlinear optical bioimaging

A new advanced and highly sensitive ap-
proach of the imaging of protein crystals that is
based on polarization-sensitive coherent anti-Stokes
Raman scattering (P-CARS) has been successfully
developed at FLNP on the base of the laser-scan-
ning microspectrometer “CARS” with fast data ac-
quisition and highly contrast vibrational imaging.
Along with the vibrational imaging, SONICC (sec-
ond order nonlinear imaging of chiral crystals) was
also developed as a contrast imaging technology
for identifying chiral crystals and relies on nonlinear
second harmonic generation (SHG) techniques. In
cooperation with the Moscow Institute of Physics
and Technology and the Institute of Complex Sys-

tems: Structural Biochemistry (ICS-6), Research Cen-
tre Julich, Germany, studies at FLNP were per-
formed with in meso grown bacteriorhodopsin (bR)
crystals (Fig.1) [1]. High three-dimensional (3D) res-
olution is achieved with two collinearly overlapped
near infrared picosecond beams and a water-im-
mersion objective with a high numerical aperture.

It's worth to mention, that serial crystallogra-
phy at last generation X-ray synchrotron sources
and free electron lasers enabled data collection
with micrometer and even sub-micrometer size
crystals, which have resulted in a remarkable
progress in structural biology. However, imaging of
small crystals, which although is highly demanded,

Fig. 1. Micrograph (a), Raman (b) and P-CARS (c), images of bR crystal
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Puc. 1. MukpodoTorpadus (a), PamaH (b) n nonapusosanHbIn-KAPC (c) Bu3yanusauusa kpuctanna bR.

KonebaTesnibHasa U HeJIMHEMHO-ONTUYeCcKas

6uoBU3yanM3aumud

HoBbIl NepcneKTVBHbLIA 1 BbICOKOYYBCTBU-
TesIbHbIN NOAXON K BU3Yyanv3auum Kpuctannos 6en-
KOB, OCHOBAHHbI Ha MonApu3aLOHHO-YyBCTBU-
TeNbHOM KOFrepeHTHOM aHTUCTOKCOBOM KOMOUHa-
UMoHHoM pacceaHum ceeta (P-CARS), ycnelwHo pas-
pabotaH B JIHD Ha 6a3e nazepHOro CKaHMpyoLLero
MUuKpocnekTpomeTpa «KAPC» ¢ 6bICTpbIM COOpOM
JaHHbIX 1 BbICOKOKOHTPACTHOW KonebaTtenbHON BU-
3yanusauuenn. Hapagy c konebatenbHoON BU3yanu-
3aumen, Takxke 6binla pa3paboTaHa MeToauKa ana
KOHTpaCTHOVI BU3yannsaunmn XxmpanbHbIX KpUCTan-
JTOB Ha OCHOBE reHepauu BTOpow rapmoHuki (MBI
n3ectHas Kak SONICC — HennHenHan BMU3yanu3a-
LA BTOPOro NopsaKa X1pasnbHbIX KpucTanios. Vc-
CNeoBaHusA C NCMONb30BaHVEM Me30-BblPaLleHHbIX
KpucTannos bakTepuopopdoncHa 6akTepuopoaan-
cuHa (puc.1) 6binu BbinosiHeHbl B JIHO B cOTpyaHU-

yecTBe C MOCKOBCKUM PUINKO-TEXHUYECKUM WH-
CTUTYTOM 1 MIHCTUTYTOM CHOXKHbIX CUCTEM: CTPYK-
TypHon Guoxumun (ICS-6), nccnenoBaTenbCKoOro
ueHTpa B lOnuxe, fepmaHus [1]. Boicokoe Tpexmep-
Hoe (3D) pa3spelueHrie foCTUTraeTCA 3a CYeT ABYX
KONINIMHEapHO NepeKpbIBAOLLMXCA MUKOCEKYHAHbIX
Ny4ykoB GNMKHEr0 MHPPAKPACHOro Arana3oHa U
BOAHO-MMMEPCMOHHOIO 06 bEKTMBA C BbICOKOW YK~
CNOBOW anepTypon.

CTouT OTMETUTb, UTO CEpPUINHAA KPUCTaiorpa-
d1A Ha NCTOYHMKAX PEHTTEHOBCKOIO CUHXPOTPOH-
HOro U3NTyYeHUs 1 Nasepax Ha CBOOOAHbIX dNEKT-
pOHax mocsieqHero NokoJsieHnsa no3sonuna cbop
JaHHbIX KPUCTaIlIoB MMKPOMETPOBOTO U1 flaxke Cy6-
MVKPOMETPOBOIO pa3mMepa, YTo NPUBENO K 3HaYu-
TeSIbHOMY NPOrpeccy B CTPYKTYpHo 6ronorun. Og-
HaKo, BU3yanusauunsa Masblx KpUCTannos, Oyayun

[1] Arzumanyan G.M,, et al., JACS, 2016, DOI: 10.1021/jacs.6b04464

remains a challenge, especially in the case of mem-
brane protein (MP) crystals. CARS microscopy pro-
vides an advanced nondestructive and label-free
technique with high sensitivity and high lateral spa-
tial resolution capable of spectrally-selective imag-
ing of major types of macromolecules: proteins,
lipids, nucleic acids, etc.

In the last few years, FLNP has also imple-
mented another promising nonlinear imaging proj-
ect SECARS — the combination of surface-enhanced
Raman scattering (SERS) with coherent anti-Stokes
Raman scattering aimed at highly contrast detec-
tion of organic molecules. Since the CARS signal
quadratically increases with the intensity of the
electromagnetic field, an electromagnetic field in a

Fig. 2
Highly-contrast SECARS

resonant micro-image of
TNB/Au-NPs conjugates.

Puc. 2

BbicoKOoKOHTpacTHoe
FKAPC pe3oHaHcHOe
MUKpon3obpaxeHne
KoHbtoratos TNB/Au-NP.

oyeHb BoOCTpebOBaHHOW, OCTaeTcA npobnemoin,
0CcobOeHHO AnA KpucTannoB Memb6paHHoro 6eska
(MB). KAPC-muKpockonua obecrneunBaeT nepeno-
BOW Hepa3pyLualowuin 1 6e3amMapKepHbIi MeTOA BU-
3yanun3aLmm C BbICOKOW YyBCTBUTENbHOCTbBIO U BbICO-
KM naTtepanbHblM NPOCTPAHCTBEHHbIM pa3peLle-
HVeM, NO3BONAIOWMNIA NONyYaTb CNeKTpanbHO-Ce-
NEKTUBHbIE N306PaXKeHNA OCHOBHBIX TUMOB MaKpo-
MoseKyn: 6enKoB, MMNUAOB, HYKNENHOBbLIX KACIOT
UT.Ao

B nocnepHune HeckonbKo net, B JIHO peannso-
BaJl elle OAUH MHOroobeLlaloWwnin NPOeKT HeNu-
HerHom Busyanusaumm F'KAPC — coueTaHwme ruraHT-
CKOro KombuHaumoHHoro paccesiHua (FKP) ¢ kore-
PEHTHbIM aHTUCTOKCOBbIM paccesHneM CBeTa, U, Ha-
LeNTIeHHbIN Ha BbICOKOKOHTPACTHYIO perncrpaumio
opraHuyecknx monekyn. lNMockonbky KAPC curHan
KBagpaTUYHO PacTeT C MUHTEHCMBHOCTbIO 3/1EKT- PO-
MarHMTHOrO MONA, TO YCUNEHNEe 3NeKTPOMarHuT-
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SERS condition can further increase the CARS signal
intensity. The very first experiments on SECARS im-
aging in Russia were realized at FLNP using various
acids (MPBA, TNB) as Raman reporter molecules
(Fig.2). The laser intensity limits for detecting repro-
ducible SECARS spectra and corresponding high-
contrast imaging were determined [2]. SERS and
SECARS were successfully applied for selective de-
tection of glycated human serum albumin (HSA) —
a potential biomarker in diabetes.

Bioimaging could draw together new research
from across the life sciences showcasing innova-
tions in cell imaging methodologies and image
analysis techniques, and how these are put into
practice.

Horo nona B ycnosuax I'KP moxeT elye 6onblLue yBe-
nMunTb NHTeHcnBHoCTb KAPC curHana. lNepsble B
Poccnn skcnepumeHTtbl no N’KAPC Busyanusauyum
6b1nn peannsosaHbl B JIHD c ncnonb3oBaHuem pas-
nnyHbIx Kncnot (MPBA, TNB) B KauecTBe monekyi-
penopTepoB (puc.2). bbinu onpegeneHbl npegenbl
WHTEHCMBHOCTW nasepa AnA obHapyeHuAa BOC-
npowussognmbix TKAPC cneKTpoB 1 COOTBETCTBYIO-
LLMX BbICOKOKOHTPACTHbIX n306paxeHun [2]. TKP un
'KAPC 6binu ycrewHo ana cenekTMBHOro obHapy-
XeHuUA MNKO3WINPOBAHHOMO CbIBOPOTOYHOTO asib-
6ymuHa yenoseka (HSA) — noteHUmanbHoOro 6uo-
Mapkepa grabeTa.

BrioBm3yannsauna moxeTt 06beMHUTbL HOBbIE
nccnefoBaHNA U3 pasHbiX 06acTen HayK O KM3HY,
AEMOHCTPUPYIOLME NHHOBAUMN B METOAOSIOMNAX
BM3Yyanun3auumm KNeToK 1 MeTofax aHanmsa nsobpa-
MKEHWI, a TaKe cnocobbl UX NPYMEHeHNA Ha NpakK-
TUKe.






