
PROGRESS IN BIOMEDICAL OPTICS AND IMAGING 
Vol. 21 No. 34 

 
 
 
 

Volume 11244 
 
 

Proceedings of SPIE, 1605-7422, V. 11244 

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

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

 
 
2–4 February 2020 
San Francisco, California, United States 
 
 
Sponsored by 
SPIE 
 
Cosponsored by 
Thorlabs (United States) · Leica Microsystems (United States) · Becker & Hickl GmbH (Germany)  
Spectra-Physics (United States) · Carl Zeiss (United States) · Applied Scientific Instrumentation  
(United States) · Chroma Technology Corporation (United States) · PicoQuant Photonics  
(United States) · Coherent Inc. (United States) · Semrock Inc. (United States) · Excelitas Technologies  
ISS, Inc. (United States) · LaVision BioTec GmbH (Germany) · JenLab GmbH (Germany) 
 
Published by  
SPIE                                       
 

Multiphoton Microscopy in the Biomedical Sciences XX, edited by Ammasi Periasamy, Peter T. C. So, Karsten König, 
Proc. of SPIE Vol. 11244, 1124401 · © 2020 SPIE · CCC code: 1605-7422/20/$21 · doi: 10.1117/12.2566017

Proc. of SPIE Vol. 11244  1124401-1



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 XX, edited by 
Ammasi Periasamy, Peter T. So, Karsten König, Proceedings of SPIE Vol. 11244 (SPIE, Bellingham, WA, 
2020) Seven-digit Article CID Number. 
 
ISSN: 1605-7422 
ISSN: 2410-9045 (electronic) 
 
ISBN: 9781510632516 
ISBN: 9781510632523 (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 © 2020, 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 $21.00 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-
7422/20/$21.00. 
 
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. 

 

Proc. of SPIE Vol. 11244  1124401-2



  Contents 
 
 

  vii Authors 
 
   ix Conference Committee 
 
              xiii Introduction 
  

   METABOLISM/NADH/FAD/TRYPTOPHAN 
     
  11244 0L  Metabolic imaging by simultaneous 2-photon FLIM of NAD(P)H and FAD (Invited Paper)  

[11244-20] 
     
     

   TECHNOLOGY AND IN VIVO IMAGING I 
     
  11244 0S  Multiphoton and FLIM imaging in quantifying ex vivo and in vivo body organ kinetics of solutes 

(Invited Paper) [11244-27] 
     
     

   SHG/THG MICROSCOPY 
     
  11244 10  Evaluation of newly synthesized potential NLO-phores for 2-photon and SHG imaging  

(Invited Paper) [11244-37] 
     
  11244 14  Second harmonic generation imaging collagen structure modulation in embryonic chicken 

cornea [11244-39] 
     
     

   FLIM/FRET/FCS 
     
  11244 1B  Live cell metabolic imaging of cancer cell lines using multiphoton fluorescence polarization 

(Invited Paper) [11244-46] 
     
     

   TECHNOLOGY AND IN VIVO IMAGING III 
     
  11244 1C  Time-resolved mesoscopic imaging of a whole animal by FastFLIM (Invited Paper) [11244-47] 

     
  11244 1D  Real time imaging of the detection volume of a confocal microscope (Invited Paper)  

[11244-48] 
     

iii

Proc. of SPIE Vol. 11244  1124401-3



  11244 1F  Multiplexed 3-photon microscopy for functional connectomics of mammalian brains  
[11244-50] 

     
 
 

     
   TECHNOLOGY AND RAMAN MICROSCOPY 
     
  11244 1K  High-speed imaging of gas-bubble formation during femtosecond-laser cell optoporation 

[11244-55] 
     
  11244 1M  Frequency-tunable two-color ultrafast fiber laser for nonlinear excitation of NADH and FAD 

[11244-57] 
     
     

   TECHNOLOGY AND IN VIVO IMAGING IV 
     
  11244 1S  Flexible multiphoton tomography with femtosecond pulse hollow-core fiber delivery [11244-62] 

     
  11244 1V  Multiphoton autofluorescence imaging of advanced glycation end products in glycated 

tissues [11244-65] 
     
     

   POSTER SESSION 
     
  11244 20  Bleed-through elimination method in a dual-channel fluorescence microscopy system  

(Best Poster Award) [11244-70] 
     
  11244 26  Nonlinear imaging using a 35 fs 3.5 nJ all-PM fiber laser frequency doubled at 800 nm  

[11244-76] 
     
  11244 28  Multiphoton imaging of dye penetration dynamics in tissue sections [11244-78] 

     
  11244 2A  Automated Gleason grading of prostate cancers via deep learning in label-free multiphoton 

microscopic images [11244-80] 
     
  11244 2B  Multi-photon excited Fourier-transform fluorescence recovery after photobleaching (FT-FRAP) 

with patterned illumination [11244-81] 
     
  11244 2C  Electric field imaging with vibrationally-resonant electric field-induced sum-frequency 

generation [11244-82] 
     
  11244 2E  Study of the sarcomeric addition process in a tissue-like cell construct under mechanical 

overload via TPEF-SHG imaging system [11244-85] 
     
  11244 2H  Monitoring drug induced changes in cardiomyocyte contractility with second harmonic 

generation (SHG) microscopy (Best Poster Award) [11244-89] 
     
  11244 2L  High-speed, large field-of-view and deep imaging with an adaptive excitation source  

[11244-93] 
     

iv

Proc. of SPIE Vol. 11244  1124401-4



  11244 2M  Imaging plasma membrane microviscosity in cancer cells during chemotherapy  
(JenLab Young Investigator Award) [11244-94] 

     
  11244 2N  Monitoring uptake of palmitic acid by glioma cells using stimulated Raman scattering 

microscopy (Best Poster Award) [11244-84] 
 

v

Proc. of SPIE Vol. 11244  1124401-5



Proc. of SPIE Vol. 11244  1124401-6



Authors 
 
 
Numbers in the index correspond to the last two digits of the seven-digit citation identifier (CID) article 
numbering system used in Proceedings of SPIE. The first five digits reflect the volume number. Base 36 
numbering is employed for the last two digits and indicates the order of articles within the volume. 
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etc. 
 
Barbieri, Beniamino, 1C 
Barkauskas, Deborah S., 0S 
Batista, Ana, 1K 
Becker, Wolfgang, 0L 
Bergmann, Axel, 0L 
Birkmeier, Konrad, 0L, 1M 
Boivinet, S., 26 
Borg, Thomas K., 2E 
Boullet, J., 26 
Breunig, Hans Georg, 1K, 1S 
Brodschelm, Andreas, 1M 
Cai, Jianyong, 2A 
Chan, James W., 2H 
Chang, Che-Wei, 2H 
Charan, Kriti, 2L 
Chen, Hong, 2A 
Chen, Shean-Jen, 28 
Chen, Yang-Fang, 14 
Chiang, Shu-Jen, 28 
Chorvat, D., Jr., 10 
Coskun, Ulas C., 1C 
Dhinasekaran, Durgalakshmi, 1B 
Dong, Chen-Yuan, 14, 1V, 28 
Druzhkova, Irina N., 2M 
Efimov, Anatoly, 2C 
Eisele, Max, 1M 
Friedenauer, Axel, 1M 
Ganesan, Bharanidharan, 1B 
Gao, Bruce Z., 2E 
Geiger, Andreas C., 2B 
Gnanatheepam, Einstein, 1B 
Grice, Jeffrey E., 0S 
Hage, C.-H., 26 
Holmes, Amy, 0S 
Ignatova, Nadezhda I., 2M 
Jelzow, Alexander, 0L 
Kang, Jeon Woong, 1V 
Kao, Hillary K. J., 2H 
König, Karsten, 1K, 1S 
Kuimova, Marina K., 2M 
Lee, Sheng-Lin, 14 
Leisching, Patrick, 0L, 1M 
Li, Bo, 2L 
Liang, Xiaowen, 0S 
Liao, Shih-chu Jeff, 1C 
Lieu, Deborah K., 2H 
Lin, Chih-Ju, 1V 
Liu, Xin, 0S 
Lu, Fake, 2N 

Lukina, Maria M., 2M 
Machinet, G., 26 
Maddipatla, Reddikumar, 20 
Magdolen, P., 10 
Maiti, Sudipta, 1D 
Maity, Barun Kumar, 1D 
Marcek Chorvatova, A., 10 
Martinez, Jennifer S., 2C 
Mohammed, Yousuf H., 0S 
Neubauer, Antje, 0L 
Pastore, Michael N., 0S 
Perillo, Evan, 2C 
Phipps, M. Lisa, 2C 
Poon, Chien-Sing, 1C 
Prakasarao, Aruna, 1B 
Pretto, Dalyir I., 2H 
Purushothaman, Kailasha, 1B 
Qiu, Hailin, 1C 
Roberts, Michael S., 0S 
Ru ̈ck, Angelika, 0L 
Shah, Niraj, 2N 
Shah, Sunil, 1C 
Shao, Yonghong, 2E 
Shimolina, Liubov E., 2M 
Shirmanova, Marina V., 2M 
Sigmundova, I., 10 
Simpson, Garth J., 2B 
Singaravelu, Ganesan, 1B 
Skrobol, Christoph, 1M 
Smith, Casey J., 2B 
So, Peter T. C., 1V 
Studier, Hauke, 0S 
Sun, Yao-Hui, 2H 
Sun, Yuansheng, 1C 
Sunar, Ulas, 1C 
Sundaramoorthy, Anandh, 1B 
Takasaki, Kevin T., 1F 
Tan, Shenghao, 2E 
Tankam, Patrice, 20 
Tseng, Po-Hang, 28 
Tsyboulski, Dmitri, 1F 
Uherek, M., 10 
Vidal, S., 26 
Wang, Haolu, 0S 
Wang, Mengran, 2L 
Wang, Zhonghai, 2E 
Waters, Jack, 1F 
Wei, Ailin, 2E 
Wu, Chunyan, 2L 

vii

Proc. of SPIE Vol. 11244  1124401-7



Xu, Chris, 2L 
Xu, Zhexin, 2A 
Xu, Zhiping, 0S 
Yang, Qinqin, 2A 
Yang, Zongming, 2E 
Ye, Tong, 2E 
Yuan, Yuhao, 2N 
Zagaynova, Elena V., 2M 
Zhang, Run, 0S 
Zhu, Xiaoqin, 2A 
 

viii

Proc. of SPIE Vol. 11244  1124401-8



Conference Committee 
 
 
Symposium Chairs 

Jennifer K. Barton, The University of Arizona (United States) 
Wolfgang Drexler, Medizinische Universität Wien (Austria) 

 
Program Track Chairs 

         Ammasi Periasamy, University of Virginia (United States) 
                     Daniel L. Farkas, University of Southern California (United States) and          
                         SMI (United States) 
 
Conference Chairs 

Ammasi Periasamy, University of Virginia (United States) 
Peter T. C. So, Massachusetts Institute of Technology (United States) 
Karsten König, Universität des Saarlandes (Germany) and JenLab 

GmbH (Germany) 
 

Conference Program Committee 

Holly Aaron, University of California, Berkeley (United States) 
Margarida Barroso, Albany Medical College (United States) 
Wolfgang Becker, Becker & Hickl GmbH (Germany) 
Paul J. Campagnola, University of Wisconsin-Madison (United States) 
Ji-Xin Cheng, Purdue University (United States) 
Alberto Diaspro, Istituto Italiano di Tecnologia (Italy) 
Michelle Digman, University of California, Irvine (United States) 
Chen-Yuan Dong, National Taiwan University (Taiwan) 
Kevin W. Eliceiri, University of Wisconsin-Madison (United States) 
Scott Fraser, The University of Southern California (United States) 
Katsumasa Fujita, Osaka University (Japan) 
Enrico Gratton, University of California, Irvine (United States) 
Min Gu, RMIT University (Australia) 
Stefan W. Hell, Max-Planck-Institut für Biophysikalische Chemie 

(Germany) 
Na Ji, University of California, Berkeley (United States) 
Fu-Jen Kao, National Yang-Ming University (Taiwan) 
Arnd K. Krueger, Newport Spectra-Physics GmbH (Germany) 
Darryl McCoy, Coherent Scotland Ltd. (United Kingdom) 
Wei Min, Columbia University (United States) 
Junle Qu, Shenzhen University (China) 
Angelika C. Rueck, Universität Ulm (Germany) 
Lingyan Shi, University of California, San Diego (United States) 

ix

Proc. of SPIE Vol. 11244  1124401-9



Klaus Suhling, King's College London (United Kingdom) 
Yuansheng Sun, ISS, Inc. (United States) 
Karissa Tilbury, University of Maine (United States) 
Steven S. Vogel, National Institutes of Health (United States) 
Xiaoliang S. Xie, Peking University (United States) 
Chris Xu, Cornell University (United States) 
Elena V. Zagaynova, Nizhny Novgorod State Medical Academy 

(Russian Federation) 
Bernhard Zimmermann, Carl Zeiss Jena GmbH (Germany) 

 

Session Chairs 

1      Keynote Session 
Ammasi Periasamy, University of Virginia (United States) 

 
2      Multiphoton Microscopy and Applications I 

Karsten König, JenLab GmbH (Germany) 
 

3      Multiphoton Microscopy and Applications II 
Peter T. C. So, Massachusetts Institute of Technology (United States) 

 
4      Multiphoton Microscopy and Applications III 

Angelika C. Rueck, Universität Ulm (Germany) 
 

5      Metabolism/NADH/FAD/Tryptophan 
Elena V. Zagaynova, Privolzhsky Research Medical University  

(Russian Federation) 
Fu-Jen Kao, National Yang-Ming University (Taiwan) 

 
6      Technology and In Vivo Imaging I 

Singaravelu Ganesan, Anna University (India) 
 

7      Technology and In Vivo Imaging II 
Alberto Diaspro, Istituto Italiano di Tecnologia (Italy) 
Paolo Bianchini, Istituto Italiano di Tecnologia (Italy) 

 
8      SHG/THG Microscopy 

Paul J. Campagnola, University of Wisconsin-Madison (United States) 
 

9      FLIM/FRET/FCS 
Jenu Chacko, University of Wisconsin-Madison (United States) 

 
10    Technology and In Vivo Imaging III 

Margarida Barroso, Albany Medical College (United States) 
 

11    Technology and Raman Microscopy 
Lingyan Shi, University of California, San Diego (United States) 

x

Proc. of SPIE Vol. 11244  1124401-10



 
12    Technology and In Vivo Imaging IV 

Yuansheng Sun, ISS, Inc. (United States) 
Hauke Studier, Becker & Hickl GmbH (Germany) 
 
Poster Session 

                    Holly Aaron, University of California, Berkeley (United States) 
                    Lingyan Shi, University of California, San Diego (United States) 
                    Paolo Bianchini, Istituto Italiano di Tecnologia (Italy) 
                    Alzbeta Marček Chorvátová, International Laser Center (Slovakia) 
 
 

 

 

xi

Proc. of SPIE Vol. 11244  1124401-11



Proc. of SPIE Vol. 11244  1124401-12



Introduction 
 
 
 
 

Thirty years have passed since the realization of two-photon laser scanning microscopy. This 
conference has been running for the last 20 years. Our conference at the SPIE BIOS 2020 
celebrated the 20 years of this conference and 30 years achievements of the multiphoton 
microscopy in the biomedical sciences. The two laser companies greatly appreciated for 
their gift to the participants to celebrate the events. We also had a special issue on this topic 
in the journal of Biomedical Optics and the three conference Chairs served as Guest Editors. 
 
Briefly, considering the historical perspective of multiphoton microscopy, in 1931, Maria 
Göppert-Mayer reported the quantum mechanical formulation of two-photon molecular 
excitation in her doctoral thesis1. Two-photon excited fluorescence was finally demonstrated 
by Kaiser and Garrett2 shortly after the invention of the laser in 1960. Sheppard and co-
workers developed the SHG microscope3 for solid state specimens and Denk et al. 
developed a non-linear fluorescence microscope and first showed that it can be applied to 
image biological system noninvasively4. Laser scanning multiphoton fluorescence 
microscopy was developed by Denk et al. in 19904. Since then, the usage and the 
development of multiphoton microscopy has increased tremendously (see Fig. 1). More 
importantly, the commercialization of 
multiphoton imaging systems by Bio-Rad did 
increase awareness and application of this 
technology in biomedical imaging. It should 
also be recognized that laser companies 
(Spectra Physics and Coherent) played a key 
role in introducing tunable (700-1100 nm; 
currently from 680 to 1300 nm) femtosecond 
infrared-pulsed laser systems (Ti: sapphire) for 
multiphoton imaging. Moreover, the future will 
bring even easier-to-use equipment and 
increased sensitivity, which will allow greater 
flexibility in the simultaneous imaging of 
multiple fluorophores while images are 
collected over time and at greater depths 
inside tissue/live animals5.  
 
Multiphoton microscopy has been established as the 3-D imaging method of choice for 
studying living biomedical specimens from single cells and whole animals to patients with 
sub-micron resolution. The ever-expanding scope of applications and the continuing 
instrumental innovations require a forum where new ideas can be exchanged and 
presented. Our conference at the SPIE BIOS2020 meeting continues to address this need.  
 
 

Figure 1. Number of publications in multiphoton 
microscopy since 1990. Adapted from JBO 2020 
special issue5. 
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 This is the 20th year of this conference and we start our conference with four Keynote lectures 
from leaders from various field in the multiphoton microscopy development and 
applications. More importantly, about 30 invited speakers from around the world shared their 
ideas and achievements using this novel technology. 

 

 (1) Winfried Denk, Max-Plank-Institut für Neurobiologie (Germany). Leaving any number of 

photons behind: Adventures in structural neurobiology 

 (2) Paras N. Prasad, University at Buffalo (United States), Evolution of multiphoton microscopy 

over three decades: Current perspectives and future directions 

 (3) Enrico Gratton, University of California at Irvine (United States), Spectral phasors by the 

sin-cos filter method in a two-photon excitation microscope 
  
For the 8th year, the conference is extremely pleased to have the JenLab Young Investigator 
Award, in addition to our regular poster awards. JenLab Young Investigator Award is 
sponsored by JenLab GmbH, Germany. The award selection committee includes Drs. Arnd 
Krueger (Newport-Spectra Physics, USA), Paul Campagnola, University of Wisconsin-Madison, 
USA, Conor Evans, Massachusetts General Hospital, USA, Alberto Diaspro, Istituto Italiano di 
Tecnologia (Italy), Holly Aaron, University of California at Berkeley, USA and the three 
(Ammasi, Karsten & Peter) conference chairs. The selection process reviewing seven 
abstracts, manuscripts and five minutes oral presentations. The winner of the JenLab award 
is:   
 

Ms. Liubov E. Shirmolina, Privolzhsky Research Medical University (Russian Federation) 
Imaging Plasma membrane microviscosity in cancer cells during chemotherapy. 
 

The winner received a certificate $2000. The award was presented by Prof. Dr. Karsten König, 
Saarland University, Saarbrücken, and President and Founder of JenLab GmbH, Germany. 
 
For 20 years in a row, the conference organized poster awards for the students and 
postdoctoral fellows. The poster award was donated by all the conference sponsors as 
acknowledged at the bottom of the page. The review panels are, Holly Aaron, University of 
California at Berkeley (USA), Lingyan Shi, University of California at San Diego (USA), Paolo 
Bianchini, Instituto Italiano di Technologia (Italy), Alzbeta M. Chorvatova, International Laser 
Center (Slovakia). 
 
The 3 poster award winners are  
 
(1) Reddikumar Maddipatla, Patrice Tankam, Indiana Univ. (United States) 
Bleed-through elimination method in a dual-channel fluorescence microscopy system  
 
(2) Che-Wei Chang, Univ. of California, Davis (United States)  
Monitoring drug induced changes in cardiomyocyte contractility with second harmonic 
generation (SHG) microscopy  

xiv
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(3) Yuhao Yuan, Niraj Shah, Fa-Ke Lu, Binghamton Univ. (United States)  
Monitoring uptake of palmitic acid by glioma cells using stimulated Raman scattering 
microscopy 
 
Some of the most valuable contributions in this volume are articles written by highly 
experienced practitioners of multiphoton microscopy. They have enumerated the most 
important considerations in designing multiphoton microscopes and imaging experiments. 
Further, updates on the state-of-the-art commercial multiphoton microscope systems are 
presented. This volume also includes articles describing some recent advances in major 
multiphoton microscope components and applications including laser light sources, ultra-
fast optics, filters, FRET, FLIM, FCS, Raman, CARS, SRS and Coherent Raman microscopy and 
spectroscopy, single molecule, endoscopy, In Vivo/Intravital imaging, metabolism 
measurements including NADH, FAD, tryptophan in cells and tissues and various scientific 
and clinical applications. 
 
On a personal note, the conference chairs are grateful for the participation of all authors, 
session chairs and acknowledge the innovation-driven manufacturers and sponsors of this 
conference [Applied Scientific Instruments (ASI), Becker & Hickl, Carl Zeiss, Chroma 
Technology, Coherent, ISS Inc., Excelitas Technologies, JenLab, LaVision BioTec, Leica 
Microsystems, PicoQuant, Semrock (IDEX), Spectra Physics & Newport (mks company)] and 
ThorLabs for their enthusiastic support in organizing this conference successfully for the last 
19 years. We look forward to other exciting conferences in the future and welcome your 
continued participation and support. 

 
       Editors  

       Ammasi Periasamy, Ph.D. 
       Karsten König, Ph.D. 

       Peter So, Ph.D. 
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