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Styryl Dyes for Nonlinear Optical Bio-imaging
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Nonlinear microscopy, including two-photon excited fluorescence (TPEF) and second
harmonic generation (SHG) microscopy, has gained overwhelming popularity in biology.
With the development of the nonlinear microscopy, the probes that possess optimized
nonlinear optical (NLO) response and high affinity for biological targets are required. The
selective staining to biological targets would promote the development of the NLO imaging.
In this work, the selective staining dynamics of a series of carbazole-based styryl dyes in
living human cervical epithelial carcinoma (HeLa) cells were studied by the time-lapse
technique for the first time. The molecules with different structures exhibited high staining
selectivity. The dyes with long hydrophobic chains stained the mitochondria while those with
short carbon chains stained DNA in the nucleus. These probes showed high affinity and
significantly enhanced fluorescence when incorporated in the cellular targets. The large
two-photon absorption cross section and low toxicity provided the potential for nonlinear
bio-imaging. Based on the understanding of these novel molecular behavior, the
trans-4-[4-(dimethylamino)-N-methylstilbazolium] p-tosylate (DAST) nanocrystals (NCs)
were also studied as NLO probes. A stable, size-controlled DAST NCs were synthesized and
further investigated by the developed nonlinear microscopy. The NCs showed strong
polarization dependence in the SHG emission. Optimized NLO probes open new paths for
developing the imaging technique and a better understanding of the relationship between the
molecular function and the subcellular targets, which will give us the ability to build
functional materials for bio-imaging techniques.
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(1) BRI T ANWNS =)V ER—2ETH—EDAFVINEREREZBEREL TS, ZOBEKIIHTFHENICRRS
ESOBUKIEERA A E2EATBY. MIMEICHL THVEMEZ b5, AEBERAOENETO—T & LTHE
BICFIATEDZ &R LIz,

(2) TPEF & SHGEAMSE % &I FEMBIOHG. BIE. B UG ETT/2 > 7. TPEFB L USHG% R IC
L. EEOIFRAFBRMTRAD I LERLIZ, AL —Y—DRAERHET BEESHRDRN E EMIIMIC
L. REORAFEERBE LA EA A=/ TEBZEER L,

(3) AWV =)V ER=ZELIEAFVINERERCT, £EXMRAOMEZBROICREL, BRTE22L
ZRUiz, SEEMBICLDATFVINERTRELZMRZERICEZL. DNA®I ha > RY 7HAREINSE
D, BROEMAHORMENELR LIz, TOHBNS. DNV =) ER—ZELEAFUINEESTF EEE
fEWENFEET 2 & B FRNOBEBHBIHOMERICL D BEARNR 2D I ENEFE N, o ANV =IO
BUKER S DBORINENT D EHTFHRNOREBHNRRY . BEHFILICRBIRERIMEERT I EAEH
frsni. k. BRLZBRICIDREEINI-MILE TPEFEMEEIC L VER LR, Miak,. S 3> Ry7
FOMREAMEEZ®BVWIS I A NT3IRTHET S IR LE.

(4) BRI EMEIOMFELZENE L, BT/ EEROEREITRo/. T2 RUT—2 AW TDASTS

J ERONE BT 5FEEMRFEL. DASTH / #EROEREZ30—200F/ A— MVOEENTI hO—)L TX3
ZEEEFE L, E7z. DASTTF/ #EIE. DASTIARICHANTIDRNY v a2 N—T 3 DEEEBMEERL
Too TS DORERMNS. DASTT /) #ENIEREAEME & L TENTERTES Z ERE I Nz,

(5) DASTJ/ & G D IR A B DRTE D72 3D, DASTF / #45 DTPEF & SHGEIE 217 > 7=, TPEFBISREE R LV,
DASTF/ #@&DHEIIIZER —TH 2 T LAVRI Nz, £z, SHGEMBEIC LD, L —F—ABIUREXDORNE
ZALS BIEN SDASTH / #5&ZBRI L 72k R, DASTT / #&&EH 5 DSHGH DRI EHEIZMER O /BRI TREI N,
DASTF / fE I3 S MM BAE R Th 5 Z & 2EmfTT B iz,

BEDE ST, FRIHHR AR T O— T OMEMEZ O, ROEFRE OFEHAFBREAOH LVLSH %
RE - EELZDOT, ISAMEE, FICT /) 72 P2V ARHFETDEIBBKREN, Lo THBIRIEEHZT &
LTflifEH 2 DD ERDS.



