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Selective generation of two-photon-excited fluorescence of fluorescent proteins
with spectral phase optimization of an ultrabroadband pumping laser pulses.
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Abstract

Two-photon excitation with ultrabroadband femtosecond
laser is adaptively controlled by a computer controlled
pulse shaper. When the second-harmonics spectrum is
shaped with spectral phase modulation to match with the
two-photon excitation spectrum of proteins, fluorescence
of the specific protein in mixtures can be enhanced with
specified enhancement factors. Moreover, a simpler
spectral shaping scheme is established without the adaptive

control to selectively excite the specific protein.
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Fig.1 Experimental set up for two-photon excitation
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spectra measurement. OB: objective, BS: beam splitter,

SLM: spatial light modulator.
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Fig.2 Selective excitation result. SeBFP enhanced, open
EGFP

enhanced, open rhombus: experimental, solid rhombus:

circle: experimental, solid circle: culculation.

culculation.
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Fig. 3 Changes of SH spectra of SeBFP enhanced and
EGFP enhanced. Dashed lines, Two-photon excitation
spectra of SeBFP and EGFP. SeBFP: SH intensities are 20,
30, 50, 70% against the FTL, EGFP: SH intensities are 40,
50, 70% against the FTL.
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Fig.4 Phases of maximized contrast ratios by adaptive
control. Solid circle: SeBFP enhanced, Solid square: EGFP

enhanced.
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Fig.5 Arbitrary fluorescence experiment. Circle and

rhombus: contrast maximization results. Triangle and
square are arbitrary fluorescence operations. Horizontal
line: SeBFP fixed, EGFP variable, vertical line: SeBFP

variable, EGFP fixed.
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Fig.6 Spctral phase for arbitrary fluorescence operation. a:

wavelength division, b, and c: phase depth.
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Fig. 7 Arbitrary fluorescence calculation result. Open
circle and open rhombus: maximized contrasts against each
fluorescence intensity. Solid circle and solid rhombus:
pixel division variable. Solid triangle and solid square:

phase depth variable.
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