
PROGRESS IN BIOMEDICAL OPTICS AND IMAGING 
Vol. 20 No. 32 

 
 
 
 

Volume 10882 
 
 

Proceedings of SPIE, 1605-7422, V. 10882 

SPIE is an international society advancing an interdisciplinary approach to the science and application of light. 

Multiphoton Microscopy in the 
Biomedical Sciences XIX 
 
 
 
Ammasi Periasamy 
Peter T. C. So 
Karsten König 
Editors   

 
 
3–6 February 2019 
San Francisco, California, United States 
 
 
Sponsored by 
SPIE 
 
Cosponsored by 
Becker & Hickl GmbH (Germany) • Carl Zeiss (United States) • JenLab GmbH (Germany) • Chroma 
Technology Corporation (United States) • Leica Microsystems (United States) • Spectra-Physics,  
a division of MKS Instruments (United States) • Coherent Inc. (United States) • Applied Scientific 
Instrumentation (United States) • Semrock Inc. (United States) • PicoQuant Photonics  
(United States) • ISS, Inc. (United States) • Excelitas Technologies 
 
Published by 
SPIE 
 



The papers in this volume were part of the technical conference cited on the cover and title page.
Papers were selected and subject to review by the editors and conference program committee.
Some conference presentations may not be available for publication. Additional papers and 
presentation recordings may be available online in the SPIE Digital Library at SPIEDigitalLibrary.org. 
 
The papers reflect the work and thoughts of the authors and are published herein as submitted. The
publisher is not responsible for the validity of the information or for any outcomes resulting from
reliance thereon. 
 
Please use the following format to cite material from these proceedings: 
   Author(s), "Title of Paper," in Multiphoton Microscopy in the Biomedical Sciences XIX, edited by 
Ammasi Periasamy, Peter T. C. So, Karsten König, Proceedings of SPIE Vol. 10882 (SPIE, Bellingham, 
WA, 2019) Seven-digit Article CID Number. 
 
ISSN: 1605-7422 
ISSN: 2410-9045 (electronic) 
 
ISBN: 9781510624061 
ISBN: 9781510624078 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 
SPIE.org 
Copyright © 2019, Society of Photo-Optical Instrumentation Engineers. 
 
Copying of material in this book for internal or personal use, or for the internal or personal use of 
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by 
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this 
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright 
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made 
electronically through CCC Online at copyright.com. Other copying for republication, resale, 
advertising or promotion, or any form of systematic or multiple reproduction of any material in this 
book is prohibited except with permission in writing from the publisher. The CCC fee code is 1605-
7422/19/$18.00. 
 
Printed in the United States of America by Curran Associates, Inc., under license from SPIE.  
 

Publication of record for individual papers is online in the SPIE Digital Library. 

 

SPIEDigitalLibrary.org 
 
 
 
Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation 
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs 
allows articles to be fully citable as soon as they are published online, and connects the same 
identifier to all online and print versions of the publication. SPIE uses a seven-digit CID article 
numbering system structured as follows: 

 The first five digits correspond to the SPIE volume number.       
 The last two digits indicate publication order within the volume using a Base 36 numbering 
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04, 
05, 06, 07, 08, 09, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 



  Contents 
 
 
 

  vii Authors 
 
               xi Conference Committee 
 
  xv Introduction 
  

   METABOLISM/NADH/FAD/TRYPTOPHAN I 
     
 10882 06  Fast-acquisition TCSPC FLIM with sub-25-ps IRF width (Invited Paper) [10882-5] 

     
 10882 07  Multiparametric luminescence lifetime imaging: a new diagnostic tool to follow up 

bioenergetic alterations during PDT (Invited Paper) [10882-6] 
     
     

   METABOLISM/NADH/FAD/TRYPTOPHAN II 
     
 10882 09  Interrogation of glioma metabolism on macroscale by FLIM (Invited Paper) [10882-8] 

     
 10882 0A  Multiphoton FLIM imaging of NADH and FAD to analyze cellular metabolic activity of 

reconstructed human skin in response to UVA light [10882-9] 
     
 10882 0B  Metabolic imaging by simultaneous FLIM of NAD(P)H and FAD [10882-10] 

     
 10882 0C  Effects of pH on FAD autofluorescence lifetimes [10882-11] 

     
     

   FLIM/FRET/FCS I 
     
 10882 0F  Subsurface photoluminescence lifetime imaging of photovoltaic materials using multiphoton 

tomography (Invited Paper) [10882-14] 
     
 10882 0G  Multiphoton imaging and OCT MA for diagnosis of human melanocytic lesions (Invited Paper) 

[10882-15] 
     
     

   FLIM/FRET/FCS II 
     
 10882 0I  The SPLIT approach for enhancing the spatial resolution in pulsed STED microscopy with 

FastFLIM and phasor plots (Invited Paper) [10882-17] 

iii



  10882 0M  Phasor-based widefield FLIM using a gated 512×512 single-photon SPAD imager [10882-21] 

     
     

   FLIM/FRET/FCS III 
     
 10882 0O  Genetically encoded FRET probes for direct mapping and quantification of intracellular 

oxygenation level via fluorescence lifetime imaging (Invited Paper) [10882-93] 
     
     

   TECHNOLOGY DEVELOPMENT I 
     
 10882 0S  Freely tunable spectral detection for multiphoton microscopy [10882-27] 

     
 10882 0U  920-nm fiber laser delivering 100-fs pulses for nonlinear microscopy [10882-29] 

     
     

   FLIM/FRET/FCS IV 
     
 10882 0W  Ligand-induced oligomerization of the human GPCR neurotensin receptor 1 monitored in living 

HEK293T cells (Invited Paper) [10882-31] 
     
 10882 0Y  Fluorescence lifetime imaging with a single-photon SPAD array using long overlapping gates: 

an experimental and theoretical study [10882-33] 
     
 10882 10  Fluorescence lifetime imaging for viscosity and diffusion measurements [10882-105] 

     
     

   SECOND/THIRD HARMONIC GENERATION MICROSCOPY I 
     
 10882 12  Fast Fourier transform second harmonic generation microscopy for probing the 3D structure of 

corneal lamella [10882-36] 
     
 10882 13  Cardiac applications of second harmonic generation (SHG) microscopy [10882-37] 

     
     

   SECOND/THIRD HARMONIC GENERATION MICROSCOPY II 
     
 10882 17  Connecting Mueller and Jones tensors for describing nonlinear optical conversion of 

unpolarized light [10882-41] 
     
 10882 18  Exploratory investigation of the spatial relationships of collagen and nerves in subcutaneous 

white adipose tissue (scWAT) using 2-photon microscopy [10882-42] 
     
     
     

iv



   IN VIVO/INTRAVITAL IMAGING 
     
 10882 1A  Multimodal multiphoton tomograph using a compact femtosecond fiber laser (Invited Paper) 

[10882-43] 
     
 10882 1B  In vivo multiphoton dynamic imaging of the hepatobiliary metabolism in chronic hepatic 

diseases [10882-44] 
     
     

   TECHNOLOGY DEVELOPMENT II 
     
 10882 1G  Wide-field multiphoton imaging with TRAFIX [10882-49] 

     
 10882 1J  Enhancement of performance in time-domain FLIM with GaAsP hybrid detectors [10882-52] 

     
     

   NONLINEAR AND LINEAR CHEMICAL IMAGING I 
     
 10882 1P  Label-free volumetric quantitative imaging of human osteosarcoma cells by hyperspectral 

coherent anti-Stokes Raman scattering [10882-58] 
     
     

   POSTER SESSION 
     
 10882 2A  Global analysis and Decay Associated Images (DAI) derived from Fluorescence Lifetime 

Imaging Microscopy (FLIM) [10882-23] 
     
 10882 2B  Deep learning spectroscopic stimulated Raman scattering microscopy (JenLab Young 

Investigator Award Runner-Up) [10882-79] 
     
 10882 2C  Hybrid 2-color/3-color background-free broadband CARS with passive polarization optics 

[10882-80] 
     
 10882 2D  Pre-resonance stimulated Raman scattering spectroscopy and imaging of membrane 

potential using near-infrared rhodopsins (Student Poster Session Award) [10882-81] 
     
 10882 2E  SRS image cytometry for high-content single cell analysis [10882-82] 

     
 10882 2F  Virtual H&E histology by fiber-based picosecond two-photon microscopy (Student Poster 

Session Award) [10882-83] 
     
 10882 2G  Simultaneous two-photon and three-photon microscopy imaging with a dual-wavelength  

Er-doped fiber laser [10882-84] 
     
 10882 2H  Three-dimensional deep tissue multiphoton frequency-domain fluorescence lifetime imaging 

microscopy via phase multiplexing and adaptive optics (JenLab Young Investigator Award 
Winner) [10882-86] 

     

v



 10882 2I  Comparison of emission wavelengths for in vivo deep imaging of mouse brain [10882-87] 

     
 10882 2J  Multimodal microscopy toolkit for visualizing multicomponent topical drug formulations in 

humans (Student Poster Session Award) [10882-88] 
     
 10882 2K  Multiphoton microscopy and fluorescence lifetime imaging of the rat and patient liver with 

cirrhosis ex vivo [10882-90] 
     
 10882 2L  Nondestructive method for chondrocyte viability assessment in articular cartilage tissues with 

nonlinear optical microscopy [10882-91] 
     
 10882 2P  Single-objective multiphoton light-sheet microscopy for tumor organoid screening [10882-97] 

     
 10882 2S  Nanometer-scale colocalization microscopy of Streptococcus pneumoniae filaments  

[10882-100] 
     
 10882 2Z  pbICS microscopy technique for determining oligomeric state [10882-108] 

     
 10882 30  Development of an electrothermal MEMS mirror based two-photon microscopy probe  

[10882-109] 
     
 10882 31  Near-infrared molecular fieldoscopy of water [10882-110] 

     
 10882 34  VistaVision toolbox for quantitative multi-parameter analysis of single molecule dynamics 

[10882-113] 
     
 10882 35  Differentiation of collagens I, II, and III by second order susceptibility imaging [10882-114] 

     
     

 

vi




