Optogenetic Technologies and
Applications Conference 2019

Boston, Massachusetts, USA
8 — 10 December 2019

ISBN: 978-1-7138-0570-0



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

.com

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (2019) by AIChE
All rights reserved.

Printed with permission by Curran Associates, Inc. (2020)

For permission requests, please contact AIChE
at the address below.

AIChE
120 Wall Street, FL 23
New York, NY 10005-4020

Phone: (800) 242-4363
Fax:  (203) 775-5177

www.aiche.org

Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax: 845-758-2633

Email: curran@proceedings.com
Web:  www.proceedings.com



TABLE OF CONTENTS

ADVANCES IN OPTOGENETIC TECHNOLOGIES - ADVANCED OPTOGENETIC
TECHNOLOGIES FOR ANIMAL CELLS

BIDIRECTIONAL OPTOGENETIC CONTROL OF NEUROTROPHIN SIGNALING DURING

CELL DIFFERENTIATION AND EMBRYONIC DEVELOPMENT ....ooiiiiitiiiiiiie it
Kai Zhang

EXTRACELLULAR OPTOGENETICS TO CONTROL CELL FATE AND FUNCTION ......cccoiviiiiieiicenie e
Wilfried Weber

NEAR-INFRARED LIGHT-ACTIVATED ADENYLATE CYCLASE ADAPTED FOR

APPLICATIONS IN MAIMIMALS ..ottt sttt e et e st e e st e e st e e steeaabeesbeeesaeesateenteesseeesbeeaneeenteensaeenneesnneennes
Mark Gomelsky, Anastasia Fomicheva, Chen Zhou, Qian-Quan Sun

NEAR-INFRARED OPTOGENETIC TOOLS ENGINEERED FROM BACTERIAL

PHYTOCHROIMES ......c.oiiiiitiiii ettt stttk et s b4 a4 e e b e e Rt e s b4 e s e e e beeR b e sb e e b e e ke e Rb e b e e bt e abeaneenbeeseeabeanbentenneens
Vladislav Verkhusha

ADVANCES IN OPTOGENETIC TECHNOLOGIES - ADVANCED OPTOGENETIC
TECHNOLOGIES FOR MICROBIAL AND PLANT CELLS

COMPARATIVE STUDIES OF LOV SWITCHING MECHANISMS AND CHARACTERISTICS .......ccoceevvvveenee.
Kevin H. Gardner

CONTROLLING NUCLEIC ACIDS BY LIGHT ..ottt ettt aa et st staeesta e snneeneesnne s
Andreas Moglich

ENGINEERING PHOTORECEPTORS INTO OPTOGENETIC TOOLS FOR THE

CONTROLAND UNDERSTANDING OF CELLULAR PROCESSES IN ANIMAL AND

P L AN T SY STEMS ..ttt e et e e ebte e e ebee e e eabeeeeabeeeeasbeeeeaabeeeaabaeesasbseeeasteeesasbaeeaaseseeasbeeeesseaeaaseeeas
Matias Zurbriggen

INDUCIBLE ASYMMETRIC CELL DIVISION AND CELL DIFFERENTIATION IN A

L2y O I = TSSO PTSOPRR 10
Nikolai Mushnikov

ADVANCES IN OPTOGENETIC TECHNOLOGIES - NOVEL OPTOGENETIC MODALITIES

ENGINEERING K+CHANNELS FOR LONG TERM INHIBITION ....cccoiiiiiiiiiiice e 11
Andrea Saponaro, Michal Laskowski, Anja Engel, Gerhard Thiel, Anna Moroni

ON-DEMAND TARGETED LIGHT GENERATION IN BIO-COMPATIBLE ELASTOMERS

USING HIGH-INTENSITY FOCUSED ULTRASOUND FOR OPTOGENETIC APPLICATION........ccccocveiinnn 13
Gun Kim, James Chu, Qiong Wu, Abigail Halmes, Michael Oelze, Jeffrey Moore, King Li

RHODOPSIN-CYCLASES FOR PHOTOCONTROL OF CGMP/CAMP SIGNALING ..o 15
Peter Hegemann

SOFT, WIRELESS OPTOELECTRONIC SYSTEMS FOR OPTOGENETICS.......ccooiiiiiiiee e 17

John A. Rogers

SYNTHESIS AND LUMINESCENCE INVESTIGATION OF NANO-SCINTILLATORS AS NEXT
GENERATION TOOLS FOR OPTOGENETICS ..ottt et ane 18
Ashley Dickey, Eric Zhang, Stephen H. Fougler, Joseph W. Kolis

ADVANCES IN OPTOGENETIC TECHNOLOGIES: MATERIALS AND DEVICES FOR
OPTOGENETIC APPLICATIONS

MULTIPLEXED, MULTICOLOR OPTOGENETICS FOR HIGH-THROUGHPUT

MANIPULATION OF CELL BEHAWVIOR ..ottt bttt 20
Wendell Lim, Lukasz Bugaj, Xin Xiong
OPTO BIOLABS — COMBINING OPTOGENETICS WITH FLOW CYTOMETRY ...ocoooiiiiiiiiiiieie s 22

Kathrin Brenker



OPTOGENETICS IN BIOMEDICINE - CARDIOVASCULAR MEDICINE

GENETICALLY ENCODED VOLTAGE IMAGING IN INDUCED PLURIPOTENT STEM CELL

CARDIOMYOCYTES ...ttt ettt b ettt h e e e bt e a e e s bt e b e e b e e R e e AEe e E e e b e eh e oAb eeh e e b e eRb e nb e e b e e bt ehbenbeebeeabeaneenbeareens 24
Benjamin Kim, Michael Lin, Haodi Wu, Joseph Wu
OPTOGENETICS TO EXPLORE G PROTEIN SIGNALING IN THE HEART ..ottt 25

Tobias Bruegmann

OPTOGENETICS-ENABLED HIGH-THROUGHPUT TECHNOLOGY FOR THE

ADVANCEMENT OF PERSONALIZED MEDICINE WITH IN HUMAN IPS-

CARDIOMY OCY TES ...ttt et s bt e e ettt e e ettt e e e s bee e e teeeeaabbeeeaabeee s beeeeasaeeeesabeee s tbeeeasbeeesnbaeesntaeaenaes 26
Emilia Entcheva

OPTOGENETICS IN BIOMEDICINE - DRUG DELIVERY

ENGINEERING OF FAR-RED LIGHT-CONTROLLED OPTOGENETIC DEVICES FOR

BIOMEDICAL APPLICATIONS . ...ttt e s e e et e e e et e e e st e e e s abe e e e asbb e e e aabeeesbaeeeesbeeeesabeeesabaeeeaanes 27
Haifeng Ye

OPTOGENETIC ENGINEERING OF PANCREATIC BETA-CELLS FOR MODULATION OF

INSULIN RELEASE BY LIGHT ...ttt s ettt e ettt e e e et e e e s be e e e ett e e e e eabe e e sabeeeaebaaeeebbeeesnbeeessanaeanes 29

Fan Zhang, Emmanuel S. Tzanakakis

OPTOGENETICS IN BIOMEDICINE — NEUROBIOLOGY

ALL-OPTICAL ELECTROPHYSIOLOGY FOR DISEASE MODELING AND DRUG

DISCOVERY ..ottt ettt ettt e ettt e e ettt e e e st e e e bae e e e bte e e sabe e e e beeeeastee e e sabeeeabeeeeesbbeeesabeeeaabaeeeesaeeeeaabesesabaeeateens 31
Adam E. Cohen

BIOLOGICAL LIGHT FOR OPTOGENETIC APPLICATIONS IN BIOMEDICINE ........ccoccooiiiiiiie e, 32
Ute Hochgeschwender

INDEPENDENT TWO-COLOUR CONTROL OF NEURONAL ACTIVITY oottt 34
Christine E Gee

OPTOGENETIC ENTRAINMENT OF SLOW BRAIN RHYTHMS IN ALZHEIMERS MICE .............ocoiiiine, 36
Ksenia Kastanenka

OPTOGENETICS: TOOLS FOR ANALYZING AND CONTROLLING THE BRAIN ......ccooiiiiiiieeeee e 38
Edward S. Boyden

REGULATION OF SIGNALING PROTEINS IN THE BRAIN BY LIGHT ...ccoiiiiiii e 40

Raphael Lamprecht
WIRELESS OPTOELECTRONIC SYSTEMS FOR CLOSED-LOOP REGULATION OF PAIN

AND ORGAN DYSFUNCTION . ...ttt ettt e e et e e st e e e et e e e e s abe e e sbae e e astseeeaabeeesabaeeaasaaeeessbeeesateeeeaaseas 41
Robert Gereau

OPTOGENETICS IN BIOMEDICINE - OTHER BIOMEDICAL APPLICATIONS

CHR-BASED OPTOGENETIC APPROACHES FOR VISION RESTORATION......ccceiiiiiierie e 42
Zhuo-Hua Pan

ENGINEERED CHIMERIC ANTIGEN RECEPTORS FOR PHOTO-TUNABLE REMOTE

CONTROL OF CAR T-CELLS ...ttt sttt e e et e et esn e et e esee e s aeeante e seeenteeaneeantaeanenenseennseenees 43
Nhung Nguyen, Kai Huang, Yun Huang, Gang Han, Yubin Zhou

ENGINEERING A FAR-RED LIGHT-CONTROLLED SPLIT-CAS9 DEVICE FOR GENOME

EDITING IN HUMAN CELLS AND MICE .......oitiiiiiieiiiet ettt bt 45
Yuanhuan Yu, Haifeng Ye
OPTOGENETIC PHARMACOLOGY OF NEUROMODULATORY RECEPTORS........ccciiiiiiieisie s 47

Ehud Isacoff

OPTOGENETICS IN BIOTECHNOLOGY - MICROBES

A YEAST OPTOGENETIC TOOLKIT FOR CONTROL OF INTRA- AND INTERCELLULAR
SEGINALING .. bt b h bbb e bbb e bt b e b e h b oAbt b E e b eh b e b e e b e e bt e h b e bt e b s e bt e b e bt et e e bt abe e b e nbeen 49
Megan McClean, Kieran Sweeney, Stephanie Geller, Neydis Moreno Morales, Jidapas (My) An-Adirekkun



APPLICATION OF AN OPTOGENETIC SWITCH FOR CONTROLLING THE CENTRAL

CARBON METABOLISM IN ESCHERICHIA COLL...cciiiiieie ettt snae e e nneaenneeeneas 51
Yoshihiro Toya, Hiroshi Shimizu, Sebastian Tommi Tandar, Sachie Senoo

OPTICAL CONTROL OF EXOPOLYSACCHARIDE PRODUCTION AND BIOFILM

FORMATION IN THE SOIL BACTERIUM SINORHIZOBIUM MELILOTI c.ccovoiiiiiiiciiicc e 53
Yongku Cho, Azady Pirhanov, Leslie M. Shor, Daniel J. Gage

OPTOGENETIC CONTROL OF GUT BACTERIAL METABOLISM ...t 55
Jeff Tabor

OPTOGENETICS FOR TEMPORAL AND SPATIAL CONTROL OF MICROBIAL

METABOLISM TO IMPROVE CHEMICAL PRODUCTION ..ottt e et 56

Jose L. Avalos

ORTHOGONAL OPTOGENETIC CIRCUITS FOR OPTIMIZING MICROBIAL CHEMICAL
[ @ 5 16 O I [ ] PSPPSR 58
Makoto A. Lalwani, Jose L. Avalos

OPTOGENETICS IN BIOTECHNOLOGY - PLANTS

HIGHLIGHTER - ASYNTHETIC LIGHT-GATED GENE EXPRESSION SWITCH FOR PLANTS.........ccccveune. 60
Bo Larsen, Alexander Jones

OPTOGENETIC MANIPULATION OF GUARD CELL ION TRANSPORT ENHANCES PLANT

WATER USE EFFICIENCY AND CARBON CAPTURE ..ottt 62
Michael Blatt, Maria Papanatsiou, John Christie, Yizhou Wang, Jan Petersen

Author Index





