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Scientific Program

Dec 2 (Friday)
Women Scientist Forum
Time Schedule
13:30-20:30 Women Scientist Forum

Dec 3 (Saturday)

Opening Ceremony

Time

Schedule

8:30-8:45

Opening Ceremony

Plenary Lecture

Time Speaker Title/Affiliation Page
. NI R i) 2 B 0 e R A58 - R 2k
8:45-9:30 Songling Wang ) ) ] i 22
(Capital Medical University )
9:30-10:15 o THz 549y 23
Guozhi Liu . .
(Academy of Military Sciences )
Coffee Break
Time Schedule
10:15-10:30 Coffee Break
Plenary Lecture
Time Speaker Title/Affiliation Page
Mitochondrial surveillance pathway mediates
organismal agin 24
10:30-11:15 Ye Tian g ging

(Institute of Genetics and Developmental Biology,

CAS)
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S11 gKEs: #Hr—AREAEEMILESPEER Nanozymes: the Opportunities and

Challenges for Next Generation of Artificial Enzymes

Time: 3 Dec. 13:00-16:00

No Time Speaker Title / Affiliation Page
13:00-16:00 | Chairs:Xiyun Yan, Xiaogang Qu
1 13:00-13:30 Ning G PRIEDRRS 25
DA fng Hu (Southeast University, China)
Construction of Bio-inspired Nanozymes and
. Their Applications
2 13:30-14:00 Xiaogang Qu (Changchun Institute of Applied Chemistry, 26
CAS)
Self-assembly of porous nanomaterials for
. enzyme-mimicking catalysis
3 14:00-14:30 Zhiyong Tang 27
(National Center for Nanoscience and Technology,
China)
TE A PR HG
4 14:30-15:00 = Lianbing Zhang N 28
(Institute of Biophysics, CAS, China)
20> PR i3 ‘n 2] :,H\: Eg
S 15:00-15:30  Chengzhouzhu | JVREEE TR GBI 29
(Central China Normal University, China)
Nanozymes: from rational design and biomedical
6 1 530‘1 600 Hul Wel apphcatlons 30
(Nanjing University, China)
S2 HHEEWIR-EL RIS, JEL M T)Ek/China-Japan Joint
Session-Unconventional Membrane Trafficking, Innovative Thinking
Time: 3 Dec. 13:00-16:00
No Time Speaker Title / Affiliation Page
13:00-16:00 = Chairs: Anbing Shi, Masataka Yanagawa
Analysis of intercellular interactions with
single-cell secretomic analysis microchip
1 13:00-13:20 Yao Lu 31
(Dalian Institute of Chemical Physics, CAS,
China)
Role of the mechanosensing machinery in
2 13:20-13:40 Yuji Hara myogenesis 32
(University of Shizuoka, Japan)
Regulation of unconventional secretion by
3 13:40-14:00 Min Zhang coronavirus factors 33

(Tsinghua University, China)
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Shunsuke F. Liquid phase condensation in living cells
4 14:00-14:20 o 34
Shimobayashi (Kyoto University, Japan)
s 14:20-14:35 Jiannine X Imaging method for membrane research
I 1anping Au (Leica Microsystems) 3>
14:35-15:00 Tea Break
SMGL-1/NBAS acts as a RAB-8 GEF to regulate
) unconventional secretion
6 15:00-15:20 Long Lin 36
(Huazhong University of Science and Technology,
China)
Masataka Single-molecule imaging analysis of G
7 15:20-15:40 protein-coupled receptor signalosome 37
Yanagawa (RIKEN Cluster for Pioneering Research, Japan)
Mechanistic Insights into Multiple-step Transport
8 15:40-16:00 Xiaohui Cang of Mitochondrial ADP/ATP Carrier 38
(Zhejiang University, China)
83 Rzl ERmELE
Time: 3 Dec. 13:00-15:15
No Time Speaker Title / Affiliation Page
13:00-16:00 Chairs: Jiansheng Kang, Xiwen Xiong
L5
1 13:00-13:15 Hua Wang 39
(Anhui Medical University, China)
T PRI 32 B o B L E BE ) 20T LA
2 13:15-13:30 Mindian Li 40
(The Southwest Hospital of AUM, China)
Metabolic enzymes moonlighting as RNA binding
3 13:30-13:45 Zhihong Xue proteins 41
(Sichuan University, China )
Centenarian genetic variations contribute to
4 13:45-14:00 Yang Xiang longevity by metabolic reprogramming 42
(Nanchang University, China)
it A5 T TR
5 14:00-14:15 Jin Li (Second Hospital of Shanxi Medical University, 43
China)
. 200 i % 1) - IV 4 0 465 ) PR R 2R
6 14:15-14:30 Jianling Zhao 44
(Carl Zeiss (Shanghai) Co.,Ltd)
T2 P IR RN 5 A R B TR A A S
7 14:30-14:45 Feng Rao 45

(Southern University of Science and Technology)
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o The Polymodal WAT Browning in Metabolism
8 14: 45-15:00 Junli Liu 46
(Shanghai Sixth People’s Hospital)
Bone marrow derived-mesenchymal stem cell
) improves diabetes-associated fatty liver via
9 15:00-15:15 Youkun Bi ) ) o 47
mitochondria transformation in mice
(Institute of Biophysics, CAS, China)
S14 B L H ¥ EARFISBERE/Single-Cell Multiomics Technologies
Time: 3 Dec. 13:00-16:00
No Time Speaker Title / Affiliation Page
13:00-16:00 = Chairs:Xiaoqun Wang, Fuchou Tang
Single cell atlas of the aging and
1 13:00-13:30 Tian Xue light/dark-adapted retina 48
(University of Science and Technology of China )
TBD
2 13:30-14:00 Chen Wu 49
(Peking Union Medical College, China)
Spatial-temporal transcriptional landscape of
3 14:00-14:30 Xin Zhou mammalian hypothalamus development 50
(Beijing Normal University, China)
Of P BT .
4 14:30-15:00  Jianbin Wang FUELR AN BT AR 51
(Tsinghua University, China)
Single-cell architecture and functional
. requirement of IncRNA and alternative splicing
5 15:00-15:30 Jia Yu ) o . 52
during hematopoietic stem cell formation
(Chinese Academy of Medical Sciences)
Decoding the molecular mechanisms of ultrasound
6 15:30-16:00 Ji Dong perception in bat auditory cortex 53
(Bioland Laboratory, China)
S5 W3t = sk RSB B TE E AL
Time: 3 Dec. 13:00-15:55
No Time Speaker Title / Affiliation Page
13:00-15:55  Chairs: Zhiqiang Yan, Fanglei Ye
TMC Proteins Modulate Membrane Excitability
1 13:00-13:25 Lijun Kang through a Background Leak Conductance 54

(Zhejiang University, China)
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N H-dp N W 5 A Bl

2 13:25-13:50 Fanglei Ye (The First Affiliated Hospital of Zhengzhou 55
University)
TMCI1 and TMC2 Proteins Are Pore-Forming
3 13:50-13:15 Zhiqgiang Yan Subunits of Mechanosensitive lon Channels 56
(Shenzhen Bay Laboratory)
FCHSD?2 is required for stereocilia maintenance
4 14:15-14:40 Zhigang Xu and hearing 57
(Shandong University, China)
. TMCHUIR % SR TE b 2 1) 4T L
5 14:40-15:05 Yiquan Tang o ] 58
(Fudan University, China)
BT 2 R DY AR S B4 1) W i R Zh RE AN 7)1
BB 7T
6 15:05-15:30 Yu Lu 59
(West China Hospital of Sichuan University,
China)
B SR R T FoxGUE B AR B A B AR R h A
2
7 1530-15:55 Zuhong He FBLIBE 60
(Zhongnan Hospital of Wuhan University,
China)
S4 AMHIEhA: MR LF|#5)-TIDynamics of Life: Correlating Ensemble and
Single Molecule Levels
Time: 3 Dec. 13:00-17:40
No Time Speaker Title / Affiliation Page
13:00-18:00  Chairs: Xuncheng Su, Xuefeng Guo
Lighting up the mechanical forces in living
1 13:00-13:20 Zheng Liu cells at the single-molecule level 61
(Wuhan University, China)
39 7 5 75 TR R 1) 0 S S AL ) R L B S
2 13:20-13:40 Wei Chen = 62
(Zhejiang University, China)
TRF1 5441 — i FIDNA K 553 T AL
3 13:40-14:00 Zhongbo Yu s 63
(Nankai University, China)
PiAEFLIEGIR LAY R T B4 A
4 14:00-14:20 Shuo Huang - " 64
(Nanjing University, China)
s | resnieno | xinshonzi DNA A3 (i3 4 .
e Hghta Zhang (Wuhan University, China)
Regulatory mechanisms of mechanical anisotropy
6 14-40-15-00 Xianyang Fang and conformational dynamics of flaviviral 66

xrRNAs by single-molecule techniques
(Institute of Biophysics, CAS)

10
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BRD4-NUTF & 85 [ £E p3 0034035 8 2. Bh AL
7 15:00-15:10 Lei Zeng ihEsp Apl 67
(First Hospital of Jilin University, China)
15:10-15:40 Tea Break
Molecular Chaperones in Action
8 15:40-16:00 Yajun Jiang (Nanjing University, China) 68
. RNA ) [l A A% RS IR BT 78T 07 i
’ 16:00-16:20 Shenlin Wang (East China University of Science and Technology ) 69
I A5 A% et T A R AR A 4 b B B D R R A 4
10 16:20-16:40 Junxia Lu GEEY A 70
(ShanghaiTech University, China )
The fluoride permeation mechanism of the fluc
11 16:40-17:00 Chaowei Shi channel revealed by solid-state NMR 71
(University of Science and Technology of China )
, AR 531 P i R 2> HRDEERBE B 1 &
12 17:00-17:20 Yin Yang 72
(Nankai University, China)
Nucleic acids structural dynamics and interactions
. with small ligands analyzed by single-molecule
13 17:20-17:30 Huijuan You . 73
magnetic tweezers
(Huazhong University of Science and Technology )
535 SV RN Gy F AU 2 e 9 FEND 0 1Y
14 17:30-17:40 Peng Zheng AR N B S AR BAE ) oy LR 74
(Nanjing University, China )
S1-1 &t 5 E A Y2 Structural and Computational Biology |
Time: 3 Dec. 16:30-19:15
No Time Speaker Title / Affiliation Page
16:30-19:15 = Chairs: Yihua Huang, Ning Gao
Molecular basis of receptor binding and antibody
neutralization of Omicron
1 16:30-16:50 Yao Cong (Institute of Biochemistry and Cell Biology, 75
Shanghai Institutes for Biological Sciences, CAS,
China)
o TG RRERIREE W AR R
2 16:50-17:10 Haiyan Liu 76
(University of Science and Technology of China)
L Structural insights into ATP-dependent processing
3 17:10-17:30 Jinbiao Ma 77

of long double-stranded RNAs by Drosophila

11
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Dicer-2/Logs-PD complex
(Fudan University, China)

NMDA receptors: from atomic structures to

4 17:30-17:50 Shujia Zhu diverse physiological functions 78
(Institute of Neuroscience, CAS, China)
The Recent Advances and Application in
5 17:50-18:00 Xiangli Wang Cryo-EM 79
(Thermo Fisher Scientific )
Structural mechanism of GTP initiating
6 18:00-18:15 Ju Zhou microtubule assembly 80
(Tsinghua University, China)
Structure and mechanism of NALCN channel
7 18:15-18:30 Yunlu Kang complex 81
(Peking University, China)
Computational methods to regulate RNA
8 18:30-18:45 Yunjie Zhao functions 82
(Central China Normal University)
DeepETPicker: Fast and accurate 3D particle
icking for cryo-electron tomography usin;
9 | 18:45-19:00 Ge Yang pieking for ety ORIAPTY USIhE 83
weakly supervised deep learning
(Institute of Automation, CAS, China)
Near-atomic structure of the inner ring of the
10 19:00-19:15 Zonggiang Li Saccharomyces cerevisiae nuclear pore complex 84
(Tsinghua University, China)
S8 #HZ A Y)Y -4H A1 4T /Neurobiophysics-Cell&Molecule
Time: 3 Dec. 16:30-18:30
No Time Speaker Title / Affiliation Page
16:30-18:30 | Chairs: Qian Liu, Shigian Qi
R O 28400 i 2 7 B o
R tanwer 1o (Institute of Zoology,CAS, China)
BRI FETEAR (mitolysosome) JfIlt:: MH&ARIELE
. . LA BT B A TR A
2 16:45-17:00 Xingguo Liu (Guangzhou Institutes of Biomedicine and Health, 86
CAS,China )
The potential application of Stem Cell
3 17:00-17:15 Renjie Chai transplantation in the Cochlear Implants 87

(Southeast University, China)

12
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UPRmt activation for the treatment of
4 17:15-17:30 Xiaojun Xu Parkinson's disease 88
(China Pharmaceutical University)
The roles of protein palmitoylation in
5 17:30-17:45 Eryan Kong neurodegenerative diseases 89
(Xinxiang Medical University, China)
_ , . . B JR PR BRRE 142 WL A% e 42
6 17:45-18:00 Qiang Liu (University of Science and Technology of China) 20
The structure and function of ALS-linked C9orf72
7 18:00-18:15 Shigian Qi complex 91
(West China Hospital, Sichuan University)
Hello, the era of intelligent microscopic imaging
8 18:15-18:30 Tong Xin analysis 92
(Leica Microsystems)
S7 Fr—RIKZY e NZf2FEINew Generation Nanomedicine and Health
Time: 3 Dec. 16:15-19:40
No Time Speaker Title / Affiliation Page
16:15-19:40 | Chairs: Bingyang Shi, Meng Zheng
(Cancer) Theranostics with Radiolabeled
1 16:15-16:35 Weibo Cai Nanomaterials 93
(University of Wisconsin—Madison, USA)
A JRI TR 40K 245 AT 5 ot
2 16:35-16:55  Zhiyong Qian : 94
(Sichuan University, China)
BRILGR 2 S R 2R
3 16:55-17:15 Aiguo Wu (Ningbo Institute of Materials Technology & 95
Engineering, CAS, China)
4 17:15-17:35 Cong Li TBD
e ong U (Fudan University, China) %6
5 17:35-17:55 iang Zh MEFAZ TR 97
A Qiang Zhao (Nankai University, China)
LS ) R AR B LA ) 2 SR
6 17:55-18:15 = Yongzhuo Huang (Shanghai Institute of Materia Medica, CAS, 98
Chinaa)
I o KT 250 P 3% R
7 18:15-18:30 Lichen Yin (Soochow University, China) 9
YR ZGIdI%: MR ) Bk ik
. . Chinese Academy of Medical Science & Pekin
18:30-18:4 Lin M (! 4 g
8 8:30-18:45 mvel Union Medical College Institude of Biomedical 100
Engineering)
. LR 25 W) A P 338 8 A A T 2 IS FH AT 9
9 18:45-19:00 Xianzhu Yang 101

(South China University of Technology, China)

13
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Lipid Nanoparticle-Mediated mRNA Delivery for

10 19:00-19:20  Michael Mitchell CART Cell Engoneering 102
(University of Pennsylvania, USA)
Development of Nanomaterials for mRNA
11 19:20-19:40 Yizhou Dong Therapeutics, Genome Editing and Cell Therapy 103
(Ohio State University,USA)
S13 R 548 Infection and Immunity
Time: 3 Dec. 16:30-18:50
No Time Speaker Title / Affiliation Page
16:30-18:50  Chairs:Guangxia Gao, Gong Cheng
HBV 515 A HAFHIRT 5
1 16:30-16:50 Chunhong Ma 104
(Shandong University, China)
Vpr il HTR H P 5 LAPTMS Mgt HIv
2 16:50-17:10 Guoxin Liang YL B 2 105
(China Medical University )
Vimentin inhibits a-tubulin acetylation via
) enhancing a-TAT1 degradation to suppress the
3 17:10-17:30 Mingzhou Chen o ) ) 106
replication of human parainfluenza virus type 3
(Wuhan University, China)
Basic Research meets the Needs for Clinical
Practice of
4 17:30-17:50 Jincun Zhao Respiratory infectious Diseases 107
(First Affiliated Hospital of Guangzhou Medical
University, China)
. 7 7L 7 T RS Gl e SR ORI T
5 17:50-18:10 Yi Zhang 108
(Zhengzhou University , China)
Skin microbiota, odorants and arbovirus
6 18:10-18:35 Gong Cheng transmission 109
(Tsinghua University, China)
The molecular characterization of the highly
7 18:35-18:50 Shoudeng Chen immunogenic SARS-CoV-2 nucleocapsid protein 110

(Sun Yat-sen University, China)

S10 #hPRi4 5k%E & /The Integration of Sports and Public Health & Hypoxic

Healthy

14
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Time: 3 Dec. 16:30-19:10

No Time Speaker Title / Affiliation Page
16:30-19:10  Chairs: Ru Wang, Dongya Yuan
A Comparative Study of Hypoxia, Hyperoxia and
Exercise Health
1 16:30-16:50 Hao Wu m
(Capital University of Physical Education and
Sports, China)
. o JF s Bl B ST T
2 16:50-17:10 Fuhai Ma 12
(Qinghai Institute of Sports Science, China)
— TRAPLIER) “—H =157 B8
3 17:10-17:30 Junjie Xiao 13
(Shanghai University, China )
DUSR IR AR . 3220 (112 3 g BRAR #EAF 72
4 17:30-17:50 Lan Zheng 14
(Hunan Normal University, China)
. IS AN A S 5 45 B e 7 IO HLHR DS
5 17:50-18:10 Rui Chen 15
(Capital Medical University, China)
A Review of Epidemiological Studies
6 18:10-18:25 Dianjianyi Sun on Genomic longevity and aging 16
(Peking University)
Regulation of chromatin states and conformations
7 18:25-18:40 Bingxiang Xu during heat shock response in mammalian cells 7
(Shanghai University of Sport, China )
The Joint Effect of PM2.5 Exposure and Physical
. . Activity on Cognitive Function and
8 18:40-18:55 Qian Di . 18
Hemodynamic Response: A fNIRS study
(Tsinghua University, China)
A comparative study on the characteristics of
. plantar pressure of high altitude native and
9 18:55-19:10 Xin Sun o 19
immigrant college students
(Xizang University, China)
Dec 4 (Sunday)
Plenary Lecture
Time Speaker Title/Affiliation Page
\ A b i N I ﬁjﬁ e ﬁ
8:30-9:15 Guanghui Ma OrE & i DN LR BRI 120
(Institute of Process Engineering, CAS, China )

15
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b & S AL 23T R AL

9:15-10:00 Xiaoqun Wang (Beijing Normal University ) 121
Coffee Break
Time Schedule
10:00-10:15 Coffee Break
Plenary Lecture
Time Speaker Title/Affiliation Page
TBD
10:15-11:00 Maili Liu (Innovation Academy for Precision Measurement 122
Science and Technology, CAS )
S$1-2 & 5iHHEAEY2-IIStructural and Computational Biology Il
Time: 4 Dec. 13:30-16:43
No Time Speaker Title / Affiliation Page
13:30-16:43 : Chairs: Hongwei Wang, Pu Gao
L TBD
1 13:30-13:50 Zhiwei Huang 123
(Harbin Institute of Technology, China)
Structural mechanisms of TRPV2 modulation by
2 13:50-14:05 Fan Yang endogenous and exogenous ligands 124
(Zhejiang University, China)
Architecture of Outer Rings From Xenopus laevis
. ) Nuclear Pore Complex Obtained By Cryo-EM and
3 14:05-14:20 Linhua Tai 125
Al
(Institute of Biophysics, CAS, China)
Keep your particles well-behaved: Graphene
4 14:20-14:35 Nan Liu support to boost Cryo-EM analysis 126
(Tsinghua University, China)
Cryo-EM study of CatSpermasome—a sperm
5 14:35-14:55 Jianping Wu channel-transporter supercomplex 127
(Westlake University, China)
14:55-15:10 Tea Break
FEAIDNAZ H HEAL AL BT 7T
6 15:10-15:30 Jiamu Du 128

(Southern University of Science and Technology,

China.)

16
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Cryo-EM structures of TMEM106B fibrils extracted
7 15:30-15:45 Qin Cao from FTLD-TDP patients 129
(Shanghai Jiao Tong University, China)
g 15:45-16:00 Xin Y SNX proteins-mediated endosomal trafficking
T 1 yong (Tsinghua University, China) 130
A direct method to solve protein crystal structures
. from X-ray diffraction data with iterative projection
9 16:00-16:15 Hongxing He . . 131
and deep learning algorithms
(Ningbo University, China)
General approach to design of miniprotein binders
10 16:15-16:35 Longxing Cao to arbitrary protein targets 132
(Westlake University, China)
9 i St ARSI BERR -2 UM & = T
11 16:35-16:43 Peiwei Han WK T HARBN 1A BR 133
(Malvern Panalytical )
S8 WZA WM H -3 # Al R Si/Neurobiophysics-Circuit&System
Time: 4 Dec. 13:30-16:30
No Time Speaker Title / Affiliation Page
13:30-16:30 | Chairs: Peng Cao, Han Xu
o 175 JE TG JRR FRLRT F4) o 223 R AT 9T
1 13:30-14:00 Xiaoming Li 134
(Zhejiang University, China)
RYE A 2 5 HENR A
2 14:00-14:30 Liping Wang (Shenzhen Institutes of Advanced Technology, 135
CAS, China)
. A e TR 2R U S PR R R 22 BA B AL )
3 14:30-15:00 Zhi Zhang 136
(University of Science and Technology of China)
. N 2R P 43 b R G S A8 S T RR AR BT
4 15:00-15:30 Zhihua Gao 137
(Zhejiang University, China )
Combinatorial genetic dissection of neural circuits
5 15:30-16:00 Miao He (The Institutes of Brain Science, Fudan University, 138
China)
A vagal-NTS pathway that stimulates feeding
6 16:00-16:30 Cheng Zhan 139

(University of Science and Technology of China)

S12 BIF gk Y Rk H IR ETHF 7 K<t K &/Nanomedicine Development and

Key Factors for Pre-clinical Investigationsn

Time: 4 Dec. 13:30-16:45

17
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No Time Speaker Title / Affiliation Page
13:30-16:45 = Chairs: Guangjun Nie, Daishun Ling
Elastin-like polypeptide fused protein drugs
1 13:30-13:55 Weiping Gao POPEP P g 140
(Peking University, China)
A Nanocomposite-based Vascularized Elastic
) . Conductive Patch for the Repair of Infarcted
2 13:55-14:20 |  Xiaozhong Qiu . 141
Myocardium
(Southern Medical University, China)
. I 24 B e G K 25 W AE IR 16 T B R
3 14:20-14:45 Jin Sun 142
(Shenyang Pharmaceutical University, China)
FAEPETE BB HAR
4 14:45-15:10 Zhanli Hu (Shenzhen Institutes of Advanced Technology, CAS, 143
China)
15:10-15:25 Tea Break
. BT S K R
5 15:25-15:50 Fangyuan Li . o ) 144
(Zhejiang University, China)
)8 2 Ty IC AL AL WA R SR VR T U A L H R
6  15:50-16:15 Yunlu Dai F 145
(University of Macau)
HE B YK s 72 B8 R LRI T 0 RS B R AT
7
7 16:15-16:30 Tao Wang 146
(Chinese Academy of Medical Sciences and Peking
Union Medical College)
A new polysaccharide platform constructs
self-adjuvant nanovaccines to enhance immune
. responsesy
8 16:30-16:45 Ye Liu 147
(Institute of Medical Biology, Chinese Academy of
Medical Sciences and Peking Union Medical
College)
$6 TR, F54FEHMRIELZNHLH
Time: 4 Dec. 13:30-16:25
No Time Speaker Title / Affiliation Page
13:30-16:25 | Chairs: Junping Liu
Single-chromosome fission yeast models reveal the
o configuration robustness of a functional genome
1 13:30-13:50 Jingiu Zhou 148
(Center for Excellence in Molecular Cell Science,
CAS, China)
N R MRS
2 13:50-14:10 Xiaoli Tian 149

(Nanchang University, China)

18
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Transcriptomic insights into the longevity factors
3 14:10-14:30  Qingpeng Kong in centenarians 150
(Kunming Institute of Zoology, CAS, China)
Heterochronic  parabiosis induces stem cell
o revitalization and systemic rejuvenation across
4 14:30-14:50 Weiqi Zhang . 151
aged tissues
(Beijing Institute of Genomics, CAS, China)
. . mRNAJi & %1 5 32 AL
5 14:50-15:10 Tangliang Li 152
(Hangzhou Normal University, China)
Structure of the human Meckel-Gruber protein
6 15:10-15:25 Deshun Gong Meckelin 153
(Nankai University, China)
Sequestration of cellular native factors by protein
aggregates
7 15:25-15:40 Hongyu Hu 154
(Center for Excellence in Molecular Cell Science,
CAS, China)
PINK1 regulates AP and hyperphosphorylated tau
. induced mitophagy-lysosomal degradation,
8 15:40-15:55 Peng Liu ) ) o 155
neuroinflammation, and oxidative stress
(Shenyang Pharmaceutical University, China )
Chaperone codes of Hsp70: from cysteine
modifications to covalent inhibitors
9 15:55-16:10 Hong Zhang 156
(Institute of Basic Medicine, Chinese Academy of
Medical Science )
CHK1 Controls Zygote Pronuclear Envelope
. Breakdown by Regulating F-actin  through
10 | 16:10-16:25  Honghui Zhang . . 157
Interacting with MICAL3
(Shandong University, China )
$15 40 &5 A AT AL AT
Time:4 Dec. 13:30-16:00
No Time Speaker Title / Affiliation Page
13:30-16:00 . Chairs: Liangyi Chen, Lei Wang
A HL A = o B RO AR A 454 20 B 1 8L
1 13:30-13:50 Hua Han 158
(Institute of Automation, CAS, China )
, TE AR A RNA I 25 53 18 1R
2 13:50-14:10 Yi Yang 159
(East China University of Science and Technology)
S B 70 T IR BT 3T RS 4 5O R BoR
3 14:10-14:30 = Hanging Xiong 160
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Mitochondrial surveillance pathway mediates organismal aging
Ye Tian
State Key Laboratory of Molecular Developmental Biology, Institute of Genetics and Developmental
Biology, Chinese Academy of Sciences, Beijing 100101, China

Email: ytian@genetics.ac.cn

As the demographics of the population age, the cost of this aged population could be
drastic increase. Deciphering the molecular basis of aging and developing drugs for
anti-aging treatments to create a healthier older population has become increasingly
challenging. Mitochondria are the powerhouse of a cell and serve as central hubs for
cellular metabolism, thus it is essential for maintaining mitochondrial homeostasis.
Our previous work discovered that mild mitochondrial stress within the nervous
system can be sensed and responded to by the distal tissues via a secreted Wnt signal,
resulting in lifespan extension in C. elegans (Cell, 2018; Cell Reports, 2022). More
importantly, the neuronal mitochondrial stress can also communicate to the germ cells,
which promotes the maternal inheritance of elevated levels of mitochondrial DNA
(mtDNA), thereby passing down a “stress memory” to offspring, enabling
descendants with a greater tolerance to stress and a longer lifespan (Nature Cell
Biology, 2021). Furthermore, we also revealed that early-life mitochondrial stress
communicates with the epigenome via the mitochondrial metabolite to change gene
expressions that are beneficial to longevity (Cell, 2016; Science Advances, 2020).
Together, these results open new avenues of research to explore the inter-tissue
mitochondrial stress signaling communication during aging in higher model
organisms. The understanding of how the mitochondrial surveillance pathways may
impinge upon the aging process and physiology will ultimately promote the
development of therapeutic targets to promote mitochondrial function and combat

age-related neurodegenerative diseases.
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Self-assembly of porous nanomaterials for enzyme-mimicking catalysis
Zhiyong Tang
CAS Key Laboratory of Nanosystem and Hierarchical Fabrication, National Center for Nanoscience
and Technology, Beijing 100190, P. R. China

Email: zytang@nanoctr.cn

Different from the traditional porous catalysts, metal-organic frameworks (MOFs)
have been recognized as the most appropriate candidate to mimic enzymes, because
their ordered arrangement of metal active centers and organic ligands and tunable
geometry of cavities or channels provide the confined environment akin to enzymes.
In this report, I will focus on self-assembly of MOFs based nanomaterials as well as
their applications in enzyme-mimicking catalysis, which includes the following three
parts: (1) Fe-O clusters anchored on nodes of MOFs for direct methane oxidation. The
Fe-O clusters are grafted onto Zrs nodes of UiO-66, while the organic terephthalic
acid (H2BDC) ligands of UiO-66 are partially substituted with modulators of acetic
acid (AC) or trifluoroacetic acid (TFA). The TFA group coordinated with Zrs node of
UiO-66 enhances the oxidation state of adjacent Fe-O cluster due to its
electron-withdrawing ability, promotes the activation of C-H bond of methane and
increases its selective conversion, thus leading to the extraordinarily high Cl1
oxygenate yield compared those modulated with AC. (2) Creating enzyme-mimicking
nanopockets in MOFs for catalysis. The enzyme-mimetic nanopockets are fabricated
inside the typical UiO-66 by coordinating zirconium nodes with BDC ligands plus
modulators including formic acid (FC), AC or TFA. When used in transfer
hydrogenation of alkyl levulinates with isopropanol towards gamma-valerolactone
(GVL), these modulators endow zirconium sites with enhanced activity and
selectivity plus good stability. This improvement mainly originates from the
conformational change of modulators in the nanopocket to assist forming the
rate-determining six-membered-ring intermediate at zirconium sites. (3) Tunable
chiral MOFs toward visible light-driven asymmetric catalysis. The organic ligand
integrated with chiral centers is coordinated with different metal ions including Zn?*,
Zr**, and Ti* to construct chiral MOFs. These MOFs exhibit significantly improved
conversion rate and stereoselectivity in asymmetric a-alkylation of aldehydes under
visible light. Notably, photocatalytic performance can be tailored by using MOFs
with varied metal ions, owing to the tunable electron transfer property between metal
ions and chiral ligands. Altogether, MOFs exhibit great potential to mimic enzymes

for achieving high catalytic efficiency.
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Tuning Nanozymes at the Atomic Scale for Sensitive Biosensing

Ying Qin, Weiqing Xu, Yu Wu, Chengzhou Zhu*
College of Chemistry, Central China Normal University, Wuhan, 430079

*Email: czzhu@ccnu.edu.cn

Nanozymes have received great interest and become a rising research area, which
have been intensively explored in various fields such as biosensing and biomedical
applications. Nanomaterials with abundant atomic composition and complex
structural features bring more difficulties in discerning the real active sites and further
revealing the structure—activity relationship. Rational synthesis of highly active
nanozymes and in-depth understanding of the nature of catalysis at the atomic scale
are highly desirable. To further enhance enzyme-like catalytic activities, we focus on
the vivid mimicking of natural enzymes and the rational design of nanozymes with
superior enzyme-like activities at the atomic scale. Moreover, in-depth understanding
of their catalytic nature is expected to provide practical guidance on the design of
advanced nanozymes. Taking advantage of their excellent enzyme-like activities and
unique physicochemical properties, their applications in biosensing have been

explored, achieving the sensitive detection of a series of target molecules.
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Nanozymes: from rational design and biomedical applications
Hui Wei
Department of Biomedical Engineering, College of Engineering and Applied Sciences, Nanjing
University, Nanjing, Jiangsu 210023, China

Email: weihui@nju.edu.cn

Nanozymes are functional nanomaterials with enzyme-like catalytic activity. They are

emerging enzyme mimics and receiving great attention recently. Here we report our

efforts in developing design strategies of high performance nanozymes, including

using Sabatier principle to design peroxidase mimics and employing data-informed

strategy to discover hydrolytic nanozymes. Then we take the therapy of inflammatory

bowel disease as an example to show the promise of nanozymes in biomedical

applications.
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Role of the mechanosensing machinery in myogenesis
Kotaro Hirano, Yuji Hara
School of Pharmaceutical Sciences, University of Shizuoka, 52-1 Yada, Suruga-ku,
Shizuoka 422-8526, Japan
Email: yhara@u-shizuoka-ken.ac.jp

Skeletal muscle comprises thousands of multinucleated cells called myofibers,
generated by the fusion of myogenic myoblast cells. Myofibers are capable of
regenerating themselves in response to the damage caused by repetitive contraction
and relaxation. Muscle satellite cells (MuSCs)—stem cells that reside on
myofibers—play a fundamental role in the regeneration process; MuSCs appear to be
activated by mechanical stresses such as membrane tension, and then to be
differentiated into fusogenic myoblast cells. After fusion of myoblasts—either with
each other or with injured myofibers—the resultant multinucleated myotubes mature
to become functional myofibers. Previous literature has shown that the regeneration
process of injured myofibers is impaired in patients with muscle diseases called
muscular  dystrophy; however, the molecular mechanisms underlying
MuSC-dependent regeneration of myofibers and the pathogenesis of muscular
dystrophy remain unknown. We previously identified PIEZO1, a mechanosensitive
Ca®" channel which is activated by membrane tension, as a key regulator of
morphogenesis of myotubes (Nat.Commun,.2018). Moreover, after utilizing
MuSC-specific Piezol-deficient mice, our results show that PIEZO1 plays a role in
regeneration processes such as cell proliferation and migration, suggesting that the

mechanosensing machinery is central to myofiber regeneration.
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Liquid phase condensation in living cells
Shunsuke F. Shimobayashi

Center for iPS Cell Research and Application, Kyoto University, Sakyo-ku, Kyoto 606-8507, Japan
Email: s.shimobayashi@cira.kyoto-u.ac.jp

In recent years, liquid-liquid phase separation has taken the biology world by storm,
with this process now thought to drive the formation of dozens of intracellular
structures, which represent condensed forms of biomolecular matter. However, we are
still largely in the dark about the molecular and biophysical factors that govern where
and when these condensates form in living cells and how the spatiotemporal dynamics

are linked to their biological functions and diseases.

Here, we combine optogenetic tools and physical theories to show that condensation
nucleation occurs through a physical process akin to that in inanimate materials, but
the efficacy of nucleation sites can be tuned by their biomolecular features. By
quantitatively characterizing the nucleation kinetics of endogenous and biomimetic
condensates in living cells, we find that key features of condensate nucleation can be
quantitatively understood through classical nucleation theories (CNT). Nucleation
rates can be substantially enhanced by compatible biomolecular seeds, and the
kinetics of cellular processes can affect condensate nucleation rates and specificity of
location. This quantitative framework sheds light on the intracellular nucleation
landscape, and opens up the frontiers for engineering synthetic condensates precisely

positioned in space and time.
Reference
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Imaging method for membrane research
Jianping Xu

Leica Microsystems

Microscopic observation of membrane structure, membrane transport and dynamic
tracking have always been used by scientists. In recent years, there are some new
imaging techniques for membrane research. Let's give them a brief introduction.

1. Super resolution microscopy for cell membrane

2. FRAP for phase separation
3. FLIM-FRET for membrane tension, pH monitoring.
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RAB-8-dependent unconventional protein secretion in C. elegans
Xianghong Wang, Xinxin Li, Junkai Wang, Jiabin Wang, Can Hu, Jia Zeng, Anbing Shi, and Long Lin
Department of Biochemistry and Molecular Biology, School of Basic Medicine, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, Hubei, China
Email: longlin@hust.edu.cn.

Unconventional protein secretion (UPS) pathways are conserved across species.
Nevertheless, due to the lack of relevant in vivo models, how UPS operates in the
polarized cells of living animals remains a challenging problem in the field. Here we
recognize SMGL-1/NBAS as a novel apical Golgi-bypassing UPS regulator in the C.
elegans intestine. SMGL-1 resides in the ER-Golgi intermediate compartment and
adjacent RAB-8-positive structures, and NRZ complex component CZW-1/ZW10 is
required for this residency. Notably, SMGL-1 acts as a guanine nucleotide exchange
factor for RAB-8, ensuring UPS of membrane proteins by driving the activation of
RAB-8. However, RABI-8/Rabin8, a putative Rab8GEF, does not possess GEF
activity toward RAB-8 in vivo. Instead, RAB-11 recruits RABI-8 onto the endosomal
compartments, and RABI-8 curbs the GEF efficacy of SMGL-1 by undermining the
SMGL-1 oligomerization state, indicating that a tightly controlled RAB-8 activity is
required for apical UPS. Furthermore, we show that Pseudomonas aeruginosa
infection elevated the expression of SMGL-1 and RAB-8. Loss of SMGL-1 or RAB-8
compromised resistance to environmental colchicine, arsenite, and pathogenic
bacteria. These results suggest that the SMGL-1/RAB-8-mediated UPS could
integrate environmental signals to serve as a host defense response. Together, by
establishing the C. elegans intestine as a multicellular model, our findings provide
insights into RAB-8-dependent Golgi-bypassing UPS, especially in the context of

epithelia in vivo.

36



Abstract 2022 Biophysics Congress

S2-7/12-3(15:20-15:40)

Single-molecule imaging analysis of G protein-coupled receptor
signalosome

Masataka Yanagawa
Cellular Informatics Laboratory, RIKEN Cluster for Pioneering Research

Email: masataka.yanagawa@riken.jp

G-protein-coupled receptors (GPCRs) are major drug targets that act as a signaling
hub via interaction with G proteins and arrestins on the plasma membrane. Biased
ligands with pathway-selective activity have attracted much attention as drugs with
lower side effects. However, it is yet to be clear how the multiple signaling pathways

of GPCR are spatial-temporally regulated in living cell membrane.

Here we show that a co-clustering of GPCRs and signaling molecules in a membrane
domain is closely related to their function including G protein binding,
GRK-dependent phosphorylation and arrestin/clathrin-dependent endocytosis. First,
the single-molecule imaging analysis of various GPCRs demonstrates a general
feature that activated GPCRs are entrapped into an immobile membrane domain.
Then, we show a novel signalosome that regulates the signal-bias of the angiotensin
signaling by ATIR, a class A GPCR. The NanoBiT assays and BRET imaging
revealed the AT1R/G protein/GRK preassembly complex in living cell membrane.
The dual color single-molecule imaging analysis suggested that the preassembly
complex regulates the signal bias in a confined region of the plasma membrane.
Finally, we discuss future applications of the next-generation high-content analyzer,
which automates the single-molecule imaging analysis, for future pharmacology and

drug screening.
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Mechanistic Insights into Multiple-step Transport of Mitochondrial
ADP/ATP Carrier
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Medicine, Hangzhou, Zhejiang 310052, China;

’Institute of Genetics, and Department of Genetics, Zhejiang University School of Medicine, Hangzhou,
Zhejiang 310058, China;
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Correspondence: Xiaohui Cang, Tel: 0086-517-88981628, E-mail: xhcang@zju.edu.cn

The ADP/ATP carrier (AAC) is crucial for mitochondrial functions by importing
ADP and exporting ATP across the inner mitochondrial membrane. However, the
mechanism of highly specific ADP recognition and transport by AAC remains largely
elusive. In this work, spontaneous ADP binding process to the ground c-state AAC
was investigated through rigorous molecular dynamics simulations of over 31
microseconds in total. With improved simulation strategy, we’ve successfully
identified a highly specific ADP binding site in the upper region of the cavity, and this
site exhibits selectivity for ADP over ATP based on free-energy calculations.
Sequence analyses on adenine nucleotide transporters also suggest that this subgroup
uses the upper region of the cavity, rather than the previously proposed central
binding site located at the bottom of the cavity to discriminate their substrates.
Identification of the new site unveils the unusually high substrate specificity of AAC
and explains the dependence of transport on the flexibility between anti and syn
glycosidic conformers of ADP. Moreover, this new site together with the central site
supports early biochemical findings. In light of these early findings, our simulations
described a multi-step model in which the carrier uses different sites for substrate
attraction, recognition and conformational transition. These results provide new
insights into the transport mechanism of AAC and other adenine nucleotide

transporters.
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Beta-arrestin 2 aggravates non-alcoholic steatohepatitis via the
metabolic reprogramming of macrophages
Xiaoli Wei, Hua Wang
Department of Oncology, the First Affiliated Hospital of Anhui Medical University, Hefei 230036,
China.

Non-alcoholic fatty liver disease (NAFLD) is a major healthcare burden worldwide. It
is consisted of a  spectrum of liver disorders ranging from simple steatosis to
non-alcoholic  steatohepatitis =~ (NASH), cirrhosis and  liver  cancer.
Macrophage-mediated inflammation has been implicated in the pathogenesis of
NASH, but the immunometabolic program underlying regulation of macrophage
activation remains unclear. Beta-arrestin 2 (Arrb2) is a multifunctional adaptor
protein that is highly expressed in human bone marrow tissues and macrophages.
However, whether Arrb2 regulates macrophage metabolism and NASH process is not
clear. Here, we observed that Arrb2 expression was significantly increased in the
hepatic macrophage of NASH patients and HFD-fed mice. Hepatic steatosis,
inflammatory responses and fibrosis were ameliorated in Arrb2 global KO mice fed
with HFD, MCD or HFHC diet. Arrb2 in macrophages but not hepatocyte contributed
to the development of NASH through promoting M1 polarization of macrophages.
Mechanism study showed that Arrb2 could act as an adaptor protein and promote
ubiquitination of IRG1 to inhibit its protein levels. Deletion of Arrb2 in macrophages
increased IRG1 expression and promoted further elevation of itaconate, which results
in inhibition of SDH activity, thereby enhancing oxidative phosphorylation
(OXPHOS), reducing release of mitochondrial reactive oxygen species (mtROS) and
inhibiting Hif-1o/IL-1p axis. Importantly, up-regulation of Arrb2 expression was also
observed in circulating monocytes from NASH and NAFL patients compared with
those from healthy controls. Arrb2 levels in monocytes correlated positively with
serum ALT, AST and the number of circulating monocytes in NAFLD patients.
Conclusively, silencing myeloid Arrb2 signaling may result in beneficial effects on
treating NAFLD and other aseptic inflammatory disorders.
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Circadian reprogramming of adipose tissue in obesity
Jianxin Zhang, Haoran Xin, Rongfeng Huang, Fan Zeng, Lan Wang, Lihua Li, Zhihui Zhang,
Min-Dian Li
Department of Cardiovascular Medicine, the Center for Circadian Metabolism and Cardiovascular
Disease, Southwest Hospital, Army Medical University, Chongqing, China

Email: mindianli@tmmu.edu.cn

High-fat diet (HFD) feeding rewires circadian rhythms of peripheral organs including
the liver and adipose tissue. While the liver has been extensively studied, it remains
largely unknown whether and how HFD organizes circadian biology in adipose tissue.
Here, we took a systems approach to profile diurnal transcriptome of adipose tissue in
diet-induced obese mice either put on low-fat diet (LFD) that reduces weight or still
fed HFD. We detected about 200 and 2,500 diurnal genes in HFD and LFD,
respectively. Pathway analysis revealed that rhythmic pathways in HFD are
represented by circadian rhythm, ribosome biogenesis, nucleosome organization,
whereas those in LFD are represented by myeloid cell function. Remarkably, the
majority of the circadian clock genes except Clock exhibit robust diurnal rhythm in
the adipose tissue of HFD-fed mice. We further confirmed the role of the dampened
Clock rhythm in diet-induced obesity. Together, our work defines the circadian
signatures in the adipose tissue of diet-induced obese mice and shed light on potential

clock-modulated tissue-specific pathways during obesity.
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Metabolic enzymes moonlighting as RNA binding proteins

Zhihong Xue
Sichuan University

RNA Binding proteins (RBPs), involved in regulating aspects of RNA metabolism,
have played key roles in our understanding of cellular pathways and their associated
diseases. However, the published techniques for proteomic analysis of RBPs have
problems of limited scope or insufficient specificity. To improve the RBPs proteomic
analysis, we created a new protein (High-Affinity RNA binding Domain protein,
HARD) with non-selective, high-affinity binding for RNA by de novo design and
utilized HARD protein to achieve affinity purification of covalent RNA-protein
complexes. We applied this method to systematically analyze the RBPs proteome of
human and mouse. To our surprise, there are 7,000-8,000 proteins with RNA-binding
capability in human and mouse, and about 5,000 of which are homologous between
human and mouse, providing a good foundation for future research on the function
and regulation of RBPs.
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Contribution of metabolic alteration by genetic variations to human
longevity
Yang Xiang

Nanchang University
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Intestine---A new perspective on the regulation of metabolic

homeostasis
Jin LI
Shan Xi Medical School Affiliated Second Hospital, Department of Endocrinology and Metabolism
030000
Jinli807@126.com

Metabolic homeostasis imbalance is the core factor of obesity and its related
complications. In recent years, intestine, especially intestinal microorganisms, has
been considered as an important regulator of metabolic homeostasis. The dialogue
between intestinal microorganisms and adipose tissue regulates the occurrence and
development of obesity. We found that adiponectin secreted by adipose tissue can
affect insulin sensitivity by regulating the composition and function of intestinal
microorganisms. As one of obesity’s complications, cardiovascular disease has
become the first cause of death in the world. We found that akkermansia muciniphila
in the gut can reduce metabolic endotoxemia by repairing the damaged intestinal
barrier, thus significantly reducing the formation of atherosclerotic plaque in mice
caused by high cholesterol and high fat diet. Metabolic disorders and imbalances not
only cause atherosclerosis, but also increase the occurrence of tumors, seriously
affecting human survival. The efficacy of anticancer drugs is not completely
satisfactory. We found that there were specific intestinal microbial strains in patients
with good response to anti-cancer treatment, such as b.ovatus and b.xylanisolvens.
The effective anti-cancer effect of these specific intestinal microbial strains was
mainly achieved by inducing CXCL9 and IFN gamma. These results suggest that the
composition of specific intestinal microorganisms at the beginning of cancer
treatment can predict the response of patients to anticancer drugs. The
supplementation of specific probiotics can be used as an adjuvant treatment of
anti-cancer therapy and achieve better therapeutic effect. In conclusion, the intestinal
system, especially the interaction between intestinal microorganisms and the host, is
becoming a new perspective for the regulation of metabolic homeostasis. The
systematic analysis of its molecular mechanism can provide new drug targets for

precision treatment.
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CRL4-COP1: a glucose-sensing E3 in physiology and metabolic diseases
TR
B P

raofl@sustech.edu.cn

The Warburg effect, characterized by aerobic glycolysis, provides multiple survival
advantages to rapidly proliferating cells including cancer cells. Yet, it remained
unclear how such metabolic reprograming is widely achieved amidst tumor
heterogeneity. We demonstrate a glucose-dependent proximal signaling axis that
reinforces glucose uptake and glycolysis, thus constituting a positive feedback loop
that tends to consolidate the Warburg effect. Central to this axis is the identification of
CRL4-COP1 as a glucose-sensing E3, whose assembly is strictly induced by glucose,
via a post-translational medication cascade. Remarkably, while CRL4-COP1 degrades
the obesity-associated transcription factor ETV5 to promote insulin secretion from
beta cells, it targets another transcription factor to derepress glucose uptake and
glycolysis in cancer cells, suggesting that CRL4-COP1 1is a ubiquitous
glucose-responsive E3 with spatiotemporal specificity and consequences. That
mammalian and plant CRL4-COP1 both respond to their energy source (glucose vs
light) underscores evolutionarily conserved roles of CRL4COPI in energy sensing

and utilization processes.
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Bone marrow derived-mesenchymal stem cell improves
diabetes-associated fatty liver via mitochondria transformation in mice

Youkun Bi"**, Xuejun Guo?, Menggqi Zhang'? , Keqi Zhu'3, Chentao Shi?, Baogi Fan', Yanyun Wu',
Zhiguang Yang', Guangju Ji'"
! Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China.
2 Puyang Oilfield General Hospital, Affiliated to Xinxiang Medical College, Puyang city 457000,
Henan Province, China.
3 University of Chinese Academy of Sciences, Beijing 100049, China.
* Corresponding author:
Youkun Bi: youkunbi@jibp.ac.cn
Tel: +86 18700943831
Guangju Ji: gj28@ibp.ac.cn
Tel: +86 18601290975

Background: Non-alcoholic fatty liver disease (NAFLD) has become a global
epidemic disease. Its incidence is associated with type 2 diabetes mellitus (T2DM).
Presently, there is no approved pharmacological agents specially developed for
NAFLD. One promising disease-modifying strategy is the transplantation of stem
cells to promote metabolic regulation and repair of injury.

Method: In this study, a T2DM model was established through 28-week high-fat diet
(HFD) feeding resulting in T2DM-associated NAFLD, followed by the injection of
bone marrow mesenchymal stem cells (BMSCs). The morphology, function, and
transfer of hepatocyte mitochondria were evaluated in both vivo and in vitro.

Results: BMSC implantation resulted in the considerable recovery of increasing
weight, HFD-induced steatosis, liver function, and disordered glucose and lipid
metabolism. The treatment with BMSC transplantation was accompanied by reduced
fat accumulation. Moreover, mitochondrial transfer was observed in both vivo and
vitro studies. And the mitochondria-recipient steatotic cells exhibited significantly
enhanced OXPHOS activity, ATP production, and mitochondrial membrane potential
(MMP), and reduced reactive oxygen species (ROS)levels, which were not achieved
by the blocking of mitochondrial transfer.

Conclusion: Mitochondrial transfer from BMSCs is a feasible process to combat
NAFLD via rescuing dysfunction mitochondria, and has a promising therapeutic
effect on metabolism-related diseases.

Keywords: BMSCs, diabetes, NAFLD, mitochondrial, mitochondrial transfer,
metabolism

47


mailto:youkunbi@ibp.ac.cn
Tel:+86
mailto:gj28@ibp.ac.cn

Abstract 2022 Biophysics Congress

S14-1/12-3(13:00-13:30)

Single cell atlas of the aging and light/dark-adapted retina
Tian Xue

University of Science and Technology of China

The human retina is a complex neural tissue that detects light and sends visual
information to the brain. However, the molecular and cellular processes that underlie
aging primate retina and light/dark-adapted retina remain unclear. Therefore, we used
single cell sequencing to dissect the comprehensive transcriptomic atlas of the aging
and light/dark-adapted retina. The results indicated that the molecular changes of the
aging and light/dark-adapted retina occurred in a region- and cell-type- specific
manner. In addition, the retina showed dynamic molecular changes and specifically
enriched signaling pathways during aging and light/dark adaptation processes.
Importantly, Miiller glial cells were identified as a hub cell in the intercellular
interactions, displaying complex cell-cell communication with other retinal cells.
Together, these datasets are valuable for understanding the molecular characteristics
of the functional retina, as well as the molecular regulation of aging progression and

related retinal diseases.
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Spatial-temporal transcriptional landscape of mammalian hypothalamus
development
Xin Zhou
BeiJing Normal University, China

The hypothalamus comprises various nuclei and neuronal subpopulations that control
fundamental homeostasis and behaviors. However, spatiotemporal molecular
characterization of hypothalamus development in humans is largely unexplored.
Here,we revealed spatiotemporal transcriptome profiles and cell-type characteristics
of human hypothalamus development and illustrated the molecular diversity of neural
progenitors and the cell-fate decision, which is programmed by a combination of
transcription factors. Different neuronal and glial fates are sequentially produced and
showed spatial developmental asynchrony. Moreover, human hypothalamic
gliogenesis occurs at an earlier stage of gestation and displays distinctive transcription
profiles compared with those in mouse. Notably, early oligodendrocyte cells in human
exhibit different gene patterns and interact with neuronal cells to regulate neuronal
maturation by Wnt, Hippo, and integrin signals. Overall, our study provides a
comprehensive molecular landscape of human hypothalamus development at early-
and mid- embryonic stages and a foundation for understanding its spatial and

functional complexity
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Single-cell architecture and functional requirement of IncRNA and
alternative splicing during hematopoietic stem cell formation
Jia Yu
Chinese Academy of Medical Sciences
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Decoding the molecular mechanisms of ultrasound perception in bat
auditory cortex

Ji Dong
Bioland Laboratory, China

Unlike megabats relying on the well-developed vision, microbats utilize ultrasonic
echolocation (UE) to navigate and prey. However, how ultrasound is perceived in
their auditory cortices (ACs) remains elusive. Here, we generated single-nucleus AC
atlas of two UE microbat species (Rhinolophus sinicus and Myotis ricketti) and two
non-UE megabat species (Rousettus leschenaultii and Cynopterus sphinx) after
obtaining their reference-quality genomes. Cross-species comparison revealed
significant differences in the inhibitory neurons between UE versus non-UE bats,
where parvalbumin (PV)-expressing inhibitory neurons were validated to be crucial
for ultrasound perception. Furthermore, we identified an important ultrasound
perception related gene by functional and behavioral experiments in mice. Together,
our high-quality bat genomes and AC atlases are rich resources for further bat studies,
and our findings provide unique insight for understanding the molecular mechanisms

of ultrasound perception in mammalian AC.
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TMC Proteins Modulate Membrane Excitability through a Background
Leak Conductance
Xiaomin Yue, Wenjuan Zou, Jian Zhao, Xiao Li, Lijun Kang
Zhejiang University School of Medicine
Email: kanglijun@zju.edu.cn

Mutations in transmembrane channel-like (TMC) proteins TMC1 and TMC2 cause
deafness and vestibular defects in mammals, however, their precise action modes are
elusive. Here, we discover that both TMC-1 and TMC-2 are required for normal egg
laying in C. elegans. Mutations in these TMC proteins cause membrane
hyperpolarization and disrupt the rhythmic calcium activities in both neurons and
muscles involved in egg laying. Mechanistically, TMC proteins enhance membrane
depolarization through background leak currents and ectopic expression of both C.
elegans and mammalian TMC proteins results in membrane depolarization. Therefore,
we have identified an unexpected role of TMC proteins in modulating membrane
excitability. Using genetic screening, we are searching key molecules which aid TMC
proteins in “leaking” and in “mechano-sensing”. Our results may provide mechanistic

insights into the functions of TMC proteins in hearing loss and other diseases.
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TMC1 and TMC2 Proteins Are Pore-Forming Subunits of
Mechanosensitive lon Channels
Yanyan Jia,'* Yimeng Zhao,>* Tsukasa Kusakizako,* Yao Wang,? Chengfang Pan,! Yuwei Zhang,'
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Sciences, Fudan University, 2005 Songhu Road, Yangpu District, Shanghai 200438, China
2 State Key Laboratory of Genetic Engineering, Collaborative Innovation Center of Genetics and
Development, Multiscale Research Institute for Complex Systems, Department of Physiology and
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Transmembrane channel-like (TMC) 1 and 2 are required for the
mechanotransduction of mouse inner ear hair cells and localize to the site of
mechanotransduction in mouse hair cell stereocilia. However, it remains unclear
whether TMC1 and TMC2 are indeed ion channels and whether they can sense
mechanical force directly. Here we express TMC1 from the green sea turtle
(CmTMC1) and TMC2 from the budgerigar (MuTMC2) in insect cells, purify and
reconstitute the proteins, and show that liposome-reconstituted CmTMC1 and
MuTMC?2 proteins possess ion channel activity. Furthermore, by applying pressure to
proteoliposomes, we demonstrate that both CmTMC1 and MuTMC2 proteins can
indeed respond to mechanical stimuli. In addition, CmTMC1 mutants corresponding
to human hearing loss mutants exhibit reduced or no ion channel activity. Taken
together, our results show that the CmTMC1 and MuTMC?2 proteins are poreforming
subunits of mechanosensitive ion channels, supporting TMC1 and TMC2 as hair cell

transduction channels.
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FCHSD2 is required for stereocilia maintenance and hearing

Xiaoyan Zhai!, Haibo Du', Yuxin Shen!, Yanfei Wang', Zhigang Xu'-*
IShandong Provincial Key Laboratory of Animal Cell and Developmental Biology, School of Life
Sciences, Shandong University, Qingdao, Shandong 266237, China

*Corresponding author, xuzg@sdu.edu.cn

Stereocilia are F-actin-based protrusions on the apical surface of inner ear hair cells,
and are indispensable for hearing and balancing. Stereocilia of each hair cell are
organized into rows of increasing heights, forming a staircase-like pattern. The
development and maintenance of stereocilia are tightly regulated, and deficits in this
process lead to stereocilia disorganization and hearing loss. Previously, we showed
that F-BAR protein FCHSD?2 is localized along the stereocilia of cochlear hair cells,
and could cooperate with CDC42 to regulate F-actin polymerization and cell
protrusion formation in cultured COS-7 cells. In the present work, Fchsd2 knockout
mice were established to investigate the role of FCHSD2 in hearing. Our data show
that stereocilia maintenance is severely affected in cochlear hair cells of Fchsd2
knockout mice, which leads to progressive hearing loss. Moreover, Fchsd2 knockout
mice show increased acoustic vulnerability. Noise exposure causes robust stereocilia
degeneration as well as enhanced hearing threshold elevation in Fchsd2 knockout
mice. Lastly, Fchsd2/Cdc42 double knockout mice show more severe stereocilia
deficits and hearing loss, suggesting that FCHSD2 and CDC42 may cooperatively
regulate stereocilia maintenance.

Key Words: FCHSD2; CDC42; hair cells; stereocilia; hearing loss
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Deciphering auditory function and molecular mechanism through

hearing loss gene variants
LU Yu
Institute of Rare Diseases, West China Hospital, Sichuan University
Email: samuelluyu@163.com

Since the completion of the human genome approximately two decades ago, with the
whole genome sequencing popularized, the primary bottleneck in human genetics has
shifted from the discovery of variants to the associations between genotype and
phenotype, and more recently to the causal mechanisms of variants influencing the
human biology. Deafness is the most common clinical sensorineural disorder. Genetic
factor is one of the most important causes. The identification of the genes underlying
hereditary hearing loss and to decipher its mechanism will be important to prevent the
recurrence of hearing loss. In the previous study, our group has completed the genetic
testing in 24244 cases with hearing loss and 7502 normal hearing adults across
mainland China. Based on the sequencing data, we developed a hereditary deafness
database and knowledge base, and integrated gene and variant information from
databases such as DVD, ClinVar and HGMD, to provide comprehensive knowledge
of hearing loss related genes. Recently, we have completed a large cohort CNV and
SV analysis based on whole-genome sequencing. Through the analysis of all kinds of
variants in the coding and non-coding regions of hearing loss genes, we have further

deciphered the functions and molecular mechanisms of hearing loss related genes.
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Lighting up the mechanical forces in living cells at the single-molecule
level

Hongyun Li, Zheng Liu
The Institute for Advanced Studies, TaiKang Center for Life and Medical Sciences, Wuhan University,

Wuhan 430072, China
Email: zheng liu@whu.edu.cn

Cells are highly dynamic in tissues, and their functions are constantly regulated by
various forms of mechanical forces generated by the pushing, pulling and squeezing,
both by other cells and the extracellular matrix (ECM). The mechanical forces
generated on the receptor molecules in these processes are tiny, in the range of a few
pN to tens of pN, but these forces can precisely regulate the signal transduction
process in time and space, thereby directly or indirectly controlling a number of
biological responses such as cell differentiation, gene expression, and apoptosis.
Therefore, characterizing the interaction between mechanical and biochemical signals
at the molecular level is an essential part of understanding the mechanism of cellular
mechanical signaling. Here, we present a DNA-based nanotechnology that enables
real-time imaging of pN-level molecular forces transmitted through membrane
receptors in live cells. Using this technique, we reveal previously unseen
force-bearing supramolecular structures (i.e. “mechanical hotspots™) that serve as a

"mechanical pivot" to stabilize focal adhesion structure and facilitate its maturation.
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Mechano-regulated Recognitions of Membrane Receptors for Viral
Infection and Immune Defense
Wei Hu!, Wei Chen'
1 Department of Cell Biology, School of Medicine / Zhejiang University / China
Email: jackweichen@zju.edu.cn

Recognition of membrane receptors precisely controls many essential physiological
and pathological processes, including coronavirus host invasion and immune
responses against tumor and infection. Complex biomechanical cues exist widely in
vivo and inevitably affect membrane receptors’ functions. However, how mechanical
force couples with receptor structure to dynamically regulate receptor recognition and
triggering still remain unclear. In this talk, I will introduce my lab’s recent progresses,
using multidisciplinary techniques at single-molecule level to reveal: (1) how
mechanical force activate SARS-CoV-2 Spike conformational changes to determine
viral entry into host; (2) how mechanical force activates T cell receptors’ foreign
antigen recognition. These works shed lights on designing novel therapeutic

antibodies against SARS-Cov-2 infection and on screening tumor neoantigen.
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Reading Time and Preference of CpG Binding Proteins Revealed by
Single-molecule Profiling
Zeyu Wang, Zhiqiang Cao, Zhongbo Yu*
State Key Laboratory of Medicinal Chemical Biology, College of Pharmacy, Nankai University, 38
Tongyan Road, Tianjin 300350, China
* To whom correspondence should be addressed. Tel: +86 22 8535 8291; Fax: +86 22 8535 8291;

Email: zyu@nankai.edu.cn

The TET3 CXXC domain binds to CpG DNA, serving a basic epigenetic information
reading mechanism. During the selective recognition of a CpG motif by a CXXC
domain from crowded binding sites in a gene sequence, the protein-DNA interactions
are under a complex nonequilibrium state. However, the selective binding dynamics
of CpG recognition by epigenetic enzymes in a gene background have been rarely
exploited. Here, we used single-molecule magnetic tweezers to quantitatively
examine the dynamics of TET3’s CXXC domain on a Hoxa9 promoter DNA. Our
single-molecule binding profile revealed that CXXC-DNA interactions involve both
CpG motifs and their flanking sequences. The binding probabilities of TET3 CXXC
in the first CGI of Hoxa9 gene show significant differences for the 20 CpG motifs.
Moreover, the residence time of TET3 CXXC differs by about 1000 times in the five
distinguished CpG clusters of the Hoxa9 CGI. Finally, we performed multi-state
hidden Markov modeling analysis on the zipping/unzipping dynamics of a CpG
hairpin, discovering TET3 CXXC’s preference on CpG motifs regarding the -2 to +2
flanking bases. Our results shed light on the selective binding dynamics of a CXXC
on a gene sequence. This work also benefits studies on protein-nucleic acid

interactions in general.
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Biomimetic nanopore and its applications in sequencing, structural
profiling and single molecule chemistry
Yuqin Wang, Wendong Jia, Shuo Huang
School of Chemistry and Chemical Engineering, Nanjing University, 210024

shuo.huang@nju.edu.cn

Fast development of nanopore sequencing techniques has re-defined personalized
medicine and precision medicine. The commercialized available MinlON sequencer,
which is nanopore based, has realized direct DNA and RNA sequencing in a
palm-sized device. It has a high resolution and can directly identify epigenetic
modifications. Mycobacterium smegmatis porin A (MspA) is a critical nanopore
sensor that has demonstrated the first nanopore sequencing applications. Its wide
vestibule lumen also permits trapping of large biomolecules including DNA aptamers
or DNA origamis in a sensing mode defined as nanopore trapping. In specific
applications scenarios, it can also directly observe allosteric transition of a single
protein. Specially engineered MspA can also clearly monitor single molecule
chemical reaction. Its much better performance in single molecule chemistry
observation results from a more advantageous conical lumen geometry than an
alpha-hemolysin nanopore. With MspA, direct observation of chemical binding of
monatomic ions or small molecules were clearly observed. To further boost its
application scenarios, a new technique defined as Programmable Nano-Reactor for
Stochastic Sensing (PNRSS) was invented. With PNRSS, more than 20 types of
single molecule reactions have been successfully monitored. However, the challenge
of pore engineering has been omitted.
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Dam-methylation of DNA promotes both RecA assembly and
homologous DNA pairing revealed by single-molecule experiments
Xiao-Cong Zhao', Wen-Qiang Wu>", Xing-Hua Zhang'-*

!College of Life Sciences, Wuhan University, Wuhan 430072, China;

2School of Life Sciences, Henan University, Kaifeng 475001, China;
Corresponding Authors: Email: zhxh@whu.edu.cn; wuwenqgiang@henu.edu.cn.

DNA methylation and homologous recombination are extensively studied in
prokaryotes and eukaryotes. Whether DNA methylation directly affects homologous
recombination, however, re-mains unexplored. Here, mainly by single-molecule
experiments, we report that Escherichia coli RecA (EcRecA) assembles faster and
more on Dam-methylated single-stranded DNA (ssDNA), which can be partially
explained by that adenine methylation decreases the net negative charge of ssDNA,
thus promoting RecA nucleation on ssDNA. EcRecA-ssDNA filaments pair faster
with Dam-methylated and hemi-Dam-methylated homologous double-stranded DNA
(dsDNA), which can be explained by that m6A enhances the stretchability of dsSDNA.
Additional single-molecule experiments show that the preference of RecA for
Dam-methylated DNA is maintained over distant species including two bacteria
Klebsiella pneumoniae, Bacillus subtilis and a flowering plant Arabidopsis thaliana.
Based on these findings, we propose that Dam-methylation of DNA directly promotes
both RecA assembly on ssDNA and RecA-mediated homologous DNA pairing.
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Regulatory mechanisms of mechanical anisotropy and conformational
dynamics of flaviviral xrRNAs by single-molecule techniques
Xiaolin Niu®#, Qiuhan Liu**, Ruirui Sun"*, Zhonghe Xu'-# Chunlai Chen', Jinhong Li?,
Xianyang Fang""

!Beijing Advanced Innovation Center for Structural Biology, School of Life Sciences, Tsinghua
University, Beijing 100084°Department of Chemistry, Tsinghua University, Beijing 100084
#These authors contribute equally. “Email: fangxy@mail.tsinghua.edu.cn
Exoribonuclease-resistant RNAs (xrRNAs) are a group of RNA elements capable of resisting the
degradation by exoribonuclease. Flaviviral xrRNAs adopt an unusual ring-like 3D structure centered on
a three-way junction which is further stabilized by key tertiary interaction motifs including a three-way
junction formed by P1, P2 and P3 and an additional P4 helix, two interwoven pseudoknots (PK1, PK2)
and other long-range tertiary interactions, such as complex base-stacking arrangements and base triples.
Notably, the PK1 length remains almost identical (1 — 2 bp) but the PK2 length varies from 2 bp to 7 bp

across different MBFVs.
A “molecular brace” model has been proposed for xrRNAs to elucidate their high resistance to
directional degradation by the 5°—3’ exonucleases, but readiness to be traversed by the viral
RNA-dependent RNA polymerase (RARP) approaching in the 3’—5° direction. The xrRNAs are
expected to exhibit significant mechanical anisotropy, which however has not been experimentally
proved before. By using single-molecule nanopore sensing technique, we explore the mechanisms of
directional mechanical stability of the ZIKA virus (ZIKV) xtRNA1. We reveal extreme mechanical
anisotropy in ZIKV xrRNA1 which highly depends on Mg?" and the key tertiary interactions. The
absence of Mg?" and disruption of the key tertiary interactions strongly affect the structural integrity and
attenuate mechanical anisotropy. The significance of ring structure in RNA mechanical anisotropy is
further supported by steered molecular dynamics simulations in combination with force distribution
analysis. We anticipate the ring structures can be used as key elements to build RNA-based
nanostructures for biomaterial and biomedical applications.
To understand how RNA dynamics is regulated and connected to its function, we investigate the folding,
conformational dynamics and robustness of Xrnl resistance of a set of flaviviral xtRNAs using SAXS,
smFRET and in vitro enzymatic assay. We find that xrRNAs’ folding, conformational dynamics and
robustness of Xrnl resistance are strongly correlated and highly Mg**-dependent, furthermore, the
Mg?**-dependence is modulated by PK2 length variations. xrRNA with long PK2 requires less Mg** to
stabilize its folding, exhibits reduced conformational dynamics and strong robustness of Xrnl resistance
at even low Mg*, and tolerates mutations at key tertiary motifs at high Mg?*, which generally are
destructive to xrRNA with short PK2, through enhanced sampling of the native state in the structural
ensemble. These results demonstrate an unusual regulatory mechanism of RNA dynamics providing
insights into the functions and future applications of xrRNAs.
References
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Hsp70 Chaperone Machinery in Action
Yajun Jiang
School of Life Sciences, Chemistry and Biomedicine Innovation Center (ChemBIC),
Nanjing University, Nanjing 210023, China.

Email: yajunjiang@nju.edu.cn

Hsp70 chaperone machinery is a central hub of the chaperone network. Key to the
safeguard function of this machinery is the synergistic cooperation between Hsp40
and Hsp70 on numerous substrates processing. We used NMR spectroscopy in
combination with other biophysical tools to determine the solution structures and
dynamic features of both Hsp40 in complex with an unfolded client protein and full
length Hsp40 with Hsp70. Atomic structures of the various binding sites in the client
complexed to the binding domains of the Hsp40 reveal the recognition pattern. Hsp40
engages the client in a highly dynamic fashion using a multivalent binding mechanism
that alters the folding properties of the client. Hsp70 binding to Hsp40 displaces the
unfolded client and forms a hetero-tetramer. This special architecture of Hsp40-Hsp70
chaperone machinery alters the folding energy landscape and accelerates client
folding. Our results also highlight the importance of concerted dynamic engagement

between chaperone and clients.
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The amyloid structures in cell necroptosis
Junxia Lu, Xialian Wu, Jing Liu, Zhiheng Hu
Shanghaitech University, Shanghai China, 201210,
Email: lujx@shanghaitech.edu.cn

Amyloid complexes play the crucial roles in execution of necroptosis and in response
to immune defense in both human and mouse. We have structurally characterized the
human and mouse RIPK3 homogeneous self-assembly using solid-state NMR,
illustrating a well-ordered N-shaped amyloid core structure featured with 3 parallel
in-register P-sheets. The structure revealed by solid-state NMR is different from
previously published human RIPK1/RIPK3 hetero-amyloid complex which adopts a
serpentine fold. Our studies provide a first step to understand how the mouse RIPK1
fibril structural transform to RIPK3 fibril through a RIPK1-RIPK3 hetero-amyloid
intermediate. Furthermore, the amyloid formed by mouse RIPKI1, human DAI

involved in necroptosis were also investigated, revealing interesting findings.
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The fluoride permeation mechanism of the fluc channel revealed by

solid-state NMR
Chaowei Shi, Jin Zhang
Hefei National Laboratory of Physical Science at Microscale and School of Life Sciences, University of
Science and Technology of China, Hefei 230027, China

Email: scwei@ustc.edu.cn

Membrane proteins carry out a variety of functions vital to the survival of organisms,
such as transport of metabolites and transduction of chemical signals. Understanding
the dynamics of these medically important membrane proteins in their native
environment is essential to understanding their cellular function. Compared to other
techniques, solid-state NMR (ssNMR) spectroscopy can provide atomically detailed
and biologically authentic information about membrane protein structure and
dynamics. Here, we present our current ssSNMR study on the fluorine channel CrcB in
liposomes. New fluoride binding sites that were not identified in previous structural
studies were observed in the vestibule by combining site-specific '°F labelling and
YF-detected ssNMR methods. One of the two sites in the fluoride permeation
pathway was identified as the H>O molecule by 'H-detected ssNMR. We propose a
knock-on permeation model in which fluoride ions are separated by water molecules.
Meanwhile, a dynamic hotspot at the loop 1 was observed by comparing the spectra
of wildtype CrcB in variant buffer conditions or with its mutants, indicating that this
region is important for gating. These results not only provide valuable insights into
the permeation mechanism of CrcB, but also have important implications for our

deeper understanding of fluoride channels.
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In-Situ High-Resolution Measurements on Biomacromolecules
Yin Yang!, Daniella Goldfarb? and Xun-Cheng Su'
IState Key Laboratory of Elemento-Organic Chemistry, Nankai University, China
’Department of Chemical and Biological Physics, Weizmann Institute of Science, Rehovot, Israel.

Email: yinyang@nankai.edu.cn

The question how does the intracellular environment affect the structure, dynamics
and stability of a protein and protein-protein interactions has been a centre of interest
in the context of understanding proteins function in their native environment. We
addressed this question by combining EPR and NMR via site-specific tagging of
proteins with paramagnetic tags to elucidate the high-precision conformational space
and the stability of biomacromolecules. Pulsed dipolar EPR spectroscopy (PDS) is an
ensemble measurement technique that provides unique distance distribution
information, typically in the range between 15 and 160 A. The SDSL/PDS approach
primarily detects the introduced spin labels and probes biomacromolecules’ structural
features in the cell with minimal background signals. In our study, biocompatible spin
labels have been introduced and their utility has been demonstrated on challenging
adaptations: the resistance of spin-label system to the reducing cellular environment,
the efficient and innoxious delivery methods of the labeled biomacromolecules into
the cells, and the measurement sensitivity to come close to physiological
concentration. We also explored PDS to obtain information on e.g., the disorder of
biomacromolecule systems, conformational changes in proteins, and the time scale of
the conformational change, in human cells as compared to in buffer solution and cell
lysates. Our results highlight the potential of PDS for in-situ study of
biomacromolecules as well as the complexities of the effects of the cellular milieu on
biomacromolecule structures and stability.
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Nucleic acids structural dynamics and interactions with small ligands

analyzed by single-molecule magnetic tweezers

Huijuan You'", Yashuo Zhang', Yuanlei Cheng!,
' School of Pharmacy, Tongji Medical College, Huazhong University of Science and Technology,
Wuhan, China 430030

*Email: youhuijuan@hust.edu.cn

The structural dynamics of nucleic acids secondary structures such as G-quadruplexes
(G4s) play an essential role in biological processes. However, determine the nucleic
acids folding/unfolding dynamics remains challenging due to the co-existence of
multiple structures in a heterogeneous sample. By developing single-molecule
magnetic tweezers methods, we systematically analyzed the folding/unfolding
kinetics of G-quadruplexes at physiologically relevant solutions and showed that the
slow unfolding rate of ~10¢ s’ is prevalent in oncogene promoter G-quadruplexes.
We identified the major intermediates of G4s with a bulge and provided a new
strategy to target the bulged G4s by selectively stabilizing the folding intermediates to
modulate their functions. Furthermore, we utilized the single-molecule methods to
discovery novel anti-cancer drugs that affecting nucleic acids structural dynamics.

Key word: Single-molecule manipulation ; Folding/unfolding kinetics ;
G-quadruplexes; Magnetic Tweezers;
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Molecular basis of receptor binding and antibody neutralization of
Omicron
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2 University of Chinese Academy of Sciences, Beijing 100049, China.
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The SARS-CoV-2 Omicron variant exhibits striking immune evasion and is spreading
rapidly worldwide. Understanding the structural basis of the high transmissibility and
enhanced immune evasion of Omicron is of high importance. Here, using
cryo-electron microscopy, we present both the closed and the open states of the
Omicron spike (S) protein, which appear more compact than the counterparts of the
G614 strain, potentially related to enhanced inter-protomer and S1-S2 interactions
induced by Omicron residue substitution. The closed state showing dominant
population may indicate a conformational masking mechanism for the immune
evasion of Omicron. Moreover, we captured three states for the Omicron S—ACE2
complex, revealing that the substitutions on the Omicron RBM result in new salt
bridges and hydrogen bonds, more favourable electrostatic surface properties, and an
overall strengthened S—ACE2 interaction, in line with the observed higher ACE2
affinity of Omicron S than of G614. Furthermore, we determined the structures of
Omicron S in complex with the Fab of S3H3, an antibody that is able to
cross-neutralize major variants of concern including Omicron, elucidating the
structural basis for S3H3-mediated broad-spectrum neutralization. Our findings shed
light on the receptor engagement and antibody neutralization or evasion of Omicron

and may also inform the design of broadly effective vaccines against SARS-CoV-2.
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1. A backbone-centred energy function of neural networks for protein design;

https://www.nature.com/articles/s41586-021-04383-5

2. Rotamer-free protein sequence design based on deep learning and self-consistency;

https://www.researchsquare.com/article/rs-1209166/v1

3. Protein design with a comprehensive statistical energy function and boosted by experimental

selection for foldability; https://www.nature.com/articles/ncomms6330
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Structural insights into ATP-dependent processing of long
double-stranded RNAs by Drosophila Dicer-2/Loqs-PD complex
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NMDA receptors: from atomic structures to diverse physiological
functions

Shujia Zhu
Institute of Neuroscience, State Key Laboratory of Neuroscience, CAS Center for Excellence in Brain

Science and Intelligence Technology, Chinese Academy of Sciences, Shanghai 200031, China.

N-methyl-D-aspartate (NMDA) receptors are glutamate-gated and calcium-permeable
ion channels that play critical roles in neuronal development and brain function.
Dysfunction of NMDA receptors has been implicated in a series of neuropsychiatric
diseases, including depression, epilepsy, chronic pain, Alzheimer’s disease and
autoimmune encephalitis. Functional NMDA receptors are typically assembled as
di-heteromeric or tri-heteromeric tetramers with two obligatory GIuN1 subunits and
two identical or different GluN2 (2A-2D) and GIuN3 (3A and 3B) subunits.
Formation of such heteromers by seven subunits provides NMDA receptors with a
wealth of structural and functional diversity in the brain. By integrating the
cutting-edge  techniques  in  single-particle  cryo-electron  microscopy,
electrophysiology, molecular dynamics simulation and artificial intelligence-based
drug design, we aim to decode the biophysical and functional diversity of various
NMDA receptor subtypes from multi-dimensional levels including atomic structure,
gating mechanism, pharmacological and physiological properties. In this presentation,
I will talk about 1) Distinct structure and gating mechanism in GluN2C- and
GluN2D-incorporated NMDA receptors (unpublished); 2) Molecular mechanism of
the rapid-antidepressant ketamine; 3) Structural basis of anti-NMDA receptor

autoimmune encephalitis.
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The Recent Advances and Application in Cryo-EM

Xiangli Wang
ThermoFisher Scientific, MSD

Email: xiangli.wang@thermofisher.com

Since the Nobel Prize in Chemistry in 2017, Cryo-Electron Microscopy (Cryo-EM)
has helped scientists solve many life science problems and is playing a more and more
important role in many fields such as biomedicine, drug discovery and development,
and vaccine design. With advances in Cryo-EM hardware, software, data processing
algorithms, and sample preparation techniques, more and more high-resolution
protein structures have been resolved with Cryo-EM single particle analysis, thereby
deepening our understanding of many life science problems and accelerating
structure-based drug design. At the same time, using Cryo-Electron Tomography,
scientists can study the in-situ structure and function of proteins and organelles in
cells or tissues. This report will introduce the latest Cryo-EM progress and application

stories.
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Structural mechanism of GTP initiating microtubule assembly
Ju Zhou
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Structure and mechanism of NALCN channel complex
Yunlu Kang & Lei Chen
State Key Laboratory of Membrane Biology, College of Future Technology, Institute of Molecular
Medicine, Peking University, Beijing Key Laboratory of Cardiometabolic Molecular Medicine, Beijing
100871, China.
Email: chenlei2016@pku.edu.cn

NALCN channel mediates sodium leak currents, which positively tune the resting
membrane potential and excitability of the neuron. NALCN and its auxiliary subunits
FAMI55A, UNC79, and UNCS80 co-assemble into a large heterotetrameric channel
complex. Genetic mutations of NALCN channel components lead to a spectrum of
neurodevelopmental diseases. However, the structure and mechanism of the intact
channel complex remain elusive. Here, we present the cryo-EM structure of the
mammalian NALCN-FAM155A-UNC79-UNC80 quaternary complex. The structure
shows that UNC79-UNCS80 form a large piler-shaped heterodimer which was tethered
to the intracellular side of the NALCN channel through tripartite interactions with the
cytoplasmic loops of NALCN. Two interactions are essential for proper cell surface
localization of NALCN. The other interaction relieves the self-inhibition of NALCN
by pulling the auto-inhibitory CTD Interacting Helix (CIH) out of its binding site. Our
results uncover the structural mechanism of NALCN modulation by UNC79 and
UNCSO0.
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Computational methods to regulate RNA functions
Yunjie Zhao
Institute of Biophysics and Department of Physics, Central China Normal University,
Wuhan 430079, China

Non-coding RNA molecules play essential roles by interacting with other molecules
to perform various biological functions. However, it is challenging to determine RNA
structures due to their flexibility. Currently, the number of experimentally solved
RNA and RNA complex structures is still insufficient. Therefore, computational
methods are required to determine the RNA pockets and binding sites to regulate
RNA functions. Here, we present the RNA pocket topology resources and the
network-based pocket prediction approach for identifying the allosteric druggable
pockets with case studies.

[1] Kaili Wang, Yiren Jian, Huiwen Wang, Chen Zeng, and Yunjie Zhao*, RBind: computational
network method to predict RNA binding sites. Bioinformatics, 2018, 34(18):3131-3136.
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Physics B, 2020, 29 (10):108708.

[3] Shangbo Ning, Chengwei Zeng, Chen Zeng, Yunjie Zhao*, The TAR binding dynamics and its
implication in Tat degradation mechanism. Biophysical Journal, 2021, 120(23):5158-5168.

[4] Shangbo Ning, Huiwen Wang, Chen Zeng*, Yunjie Zhao*, Prediction of allosteric druggable
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DeepETPicker: Fast and accurate 3D particle picking for cryo-electron
tomography using weakly supervised deep learning
Guole Liu'?, Tongxin Niu**, Mengxuan Qiu'?, Fei Sun®*, Ge Yang!?

L National Key Laboratory of Pattern Recognition, Institute of Automation, CAS

2 School of Artificial Intelligence, University of Chinese Academy of Sciences

3 National Key Laboratory of Biomacromolecules, Institute of Biophysics, CAS

4 Core Facility for Protein Research, CAS

Picking particles of biological macromolecules from their cryo-electron tomography
(Cryo-ET) images, often called tomograms, is a critical step in solving their 3D
structures in their native environment. Many thousands of 3D particles usually must
be picked under very low signal-to-noise ratios. Currently, throughput of automated
particle picking methods is limited by their need of a large number of manually
annotated particles for training and their high computational cost for particle
localization and classification. To overcome these limitations, we have developed
DeepETPicker, a deep learning-based method that rapidly and accurately picks 3D
particles in tomograms with high reliability. Its training requires only weak labels so
that the cost of annotation is substantially reduced. It achieves fast speed in particle
localization by using a lightweight architecture and GPU-accelerated pooling
operations. Its performance on small macromolecules and in edge voxels is enhanced
by using custom architecture design and overlapping tomogram partitions,
respectively. When tested on simulated and real tomograms from three datasets,
DeepETPicker outperforms competing state-of-the-art methods by achieving the
highest speed and accuracy and matches manual particle picking by experts in the
resulting structural resolution. It is provided as open-source software with a friendly
user interface to facilitate DNN model training and particle picking in crowded

intracellular environment.
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Near-atomic structure of the inner ring of the Saccharomyces cerevisiae
nuclear pore complex

Zongqiang Li
Tsinghua University, China

Nuclear pore complexes (NPCs) mediate bidirectional nucleocytoplasmic transport of
substances in eukaryotic cells. However, the accurate molecular arrangement of NPCs
remains enigmatic owing to their huge size and highly dynamic nature. Here we
determined the structure of the asymmetric unit of the inner ring (IR monomer) at
3.73 A resolution by single-particle cryo-electron microscopy, and created an atomic
model of the intact IR consisting of 192 copies from 8 subunits. In each IR monomer,
two approximately parallel rhomboidal structures of the inner and outer layers are
sandwiched with the Z-shaped Nup188-Nup192 middle layer and Nup188, Nup192
and Nic96 link all subunits to constitute a relatively stable IR monomer, while the
intact IR is assembled by loose and instable interactions between IR monomer. These
structures reveal various interaction modes and extensive flexible connections in the

assembly, providing a structural basis for the stability and malleability of IR.
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Brain development and neural stem cell mechanism study
Jianwei JIAQ! *
Unstitute of Zoology, Chinese Academy of Sciences
*Corresponding author
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The mammalian brain contains millions of neurons and glial cells. Normal cerebral
brain development plays an important role in controlling behavior, learning and
cognition. During neurogenesis, neural progenitor cells (NPCs) proliferate and
differentiate into neurons of cortical layers, which are precisely controlled by various
intracellular and extracellular signaling pathways. NPCs of the brain are mainly
PAX6-positive apical progenitor cells and TBR2-positive basal progenitor cells.
Although more and more molecules are reported involved in the proliferation of
progenitor cells, how neurogenesis is regulated by epigenetic factors during the
embryonic development of the cerebral cortex remains largely to be investigated.
Here, we found a series of epigenetic molecules and modifications are essential for

the proliferation and self-renewal of neural stem cells.

Keywords: Neural development; neural stem cell; neurogenesis
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Xingguo Liu
Guangzhou Institutes of Biomedicine and Health, Chinese Academy of Sciences
Tel: +862032015225

Email: liu_xingguo@gibh.ac.cn

Mitochondrial quality control plays an important role in maintaining mitochondrial
homeostasis and function. Disruption of mitochondrial quality control degrades brain
function. We found that flunarizine (FNZ), a drug whose chronic use causes
parkinsonism, led to a parkinsonism-like motor dysfunction in mice. FNZ induced
mitochondrial dysfunction and decreased mitochondrial mass specifically in brain.
FNZ decreased mitochondrial content in both neurons and astrocytes, without
affecting the number of nigral dopaminergic neurons. In human neural progenitor
cells, FNZ also induced mitochondrial depletion. Mechanistically, independent of
ATGS5- or RAB9-mediated mitophagy, mitochondria were engulfed by lysosomes,
followed by a vesicle-associated membrane protein 2— and syntaxin-4—dependent
extracellular secretion. A genome-wide CRISPR knockout screen identified genes
required for FNZ-induced mitochondrial elimination. These results reveal not only a
novel lysosome-associated exocytosis process of mitochondrial quality control that
may participate in the FNZ-induced parkinsonism but also a drug based method for

generating mitochondria-depleted mammal cells.
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Discovery of a molecular glue that enhances UPR™! to restore
proteostasis via TRKA-GRB2-EVI1-CRLS1 axis
Li-Feng-Rong Qi'f, Shuai Liu'f, Qiuyuan Fang?!, Cheng Qian'f, Chao Peng® 4, Yuci Liu!, Peng Yang',
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Parkinson’s disease model by enhancing mitochondrial UPR
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Molecular Cardiovascular Sciences of the Ministry of Education, Center for Non-Coding RNA
Medicine, Peking University Health Science Center Beijing, Beijing, China.
7 PKU-IDG/McGovern Institute for Brain Research, Beijing, China.
Lowering proteotoxicity is a potentially powerful approach for the treatment of
neurological disorders, such as Parkinson’s disease. The unfolded protein response
(UPR) is a major mechanism that preserves the network maintaining cellular
proteostasis. In the present study, we developed the screening strategy to discover
compounds that significantly enhanced the activation of mitochondrial UPR (UPR™")
through increasing cardiolipin content. We identified that ginsenoside Rg3 (Rg3)
increased cardiolipin depending on cardiolipin synthase 1 (CRLS1) in both worms
and in human neural cells. Using LiP-SMap (limited proteolysis-mass spectrometry)
strategy, we identified GRB2 (growth factor receptor bound protein 2) as a direct
target of Rg3 in human neural cells. Rg3 enhances the binding between GRB2 and
TRKA (tropomyosin-related kinase A), that transduces signals via phosphrorylation
of ERK (extracellular signal-regulated kinase). We provided bioinformatic and
experimental evidences showing that EVIIl (ecotropic virus integration site-1), the
critical oncogenic transcriptional regulator in leukemia, binds to CRLS! promoter
region and stimulated CRLSI expression and subsequently increased cardiolipin
content in the presence of Rg3. Rg3 stimulates alpha-synuclein clearance by
promoting mitochondrial peripheral fission and mitophagy. In two Parkinson’s
disease mouse models, Rg3 restores motor function by protecting nigral dopaminergic
neurons dependent on GRB2. Consistently, Rg3 protected iPSC-derived dopaminergic
neurons by restoring ERK/CRLSI1 signaling and mitochondrial function. Our data
recapitulate the TRKA-GRB2-EVI1-CRLSI axis in maintaining proteostasis in
Parkinson’s disease via restoring mitochondrial homeostasis.
Keywords: Parkinson’s disease; cardiolipin; UPR™; Ginsenoside Rg3; GRB2; TRKA; EVI1
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GFAP hyper-palmitoylation exacerbates neurodegenerative pathology
and potential interventions
Wei Yuan' ?', Liaoxun Lu'l, Muding Rao!, Yang Huang!, Chun-e¢ Liu!, Shuang Liu!, Yue Zhao!,
Huicong Liu!, Jiangli Zhu'!, Tianzhu Chao'!, Can Wu', Junyan Ren!, Luxian Lv?, Wengiang Li?, Shigian
Qi*, Yinming Liang', Shijing Yue*, Jian Gao>*, Zhongjian Zhang' 2, Eryan Kong' >*
', Institute of Psychiatry and Neuroscience, Xinxiang Medical University, Xinxiang, 453000, China
°. Henan Key Lab of Biological Psychiatry, International Joint Research Laboratory for Psychiatry
and Neuroscience of Henan, the Second Affiliated Hospital of Xinxiang Medical University,
Xinxiang, 453000, China
’ Department of Urology, State Key Laboratory of Biotherapy and Cancer Center, West China
Hospital, Sichuan University and National Collaborative Innovation Center, Chengdu, 610041,
China
!, School of Medicine, Nankai University, 94 Weijin Road, Tianjin, 300071, China;
’ Jiangsu Key Laboratory of New Drug Research and Clinical Pharmacy, Xuzhou Medical
University, Xuzhou, Jiangsu, China

To whom all correspondence should be addressed at: eykong@xxmu.edu.cn or eykong2012@163.com

The homeostasis of protein palmitoylation and depalmitoylation is essential for proper
physiological functions in various tissues, in particular, the central nervous system
(CNS). The dysfunction of PPT1 (PPT1-KI, INCL mouse model), which catalyze the
depalmitoylation process, results in serious neurodegeneration accompanied by severe
astrogliosis in the brain. Endeavoring to determine critical factors that might account
for the pathogenesis in CNS by palm-proteomics, GFAP was spotted, indicating that
GFAP is probably palmitoylated. Questions concerning if GFAP is indeed
palmitoylated in vivo and how palmitoylation of GFAP might participate in neural
pathology remain unexplored and are awaited to be investigated. Here we showed that
GFAP is readily palmitoylated in vitro and in vivo, specifically, cysteine-291 is the
unique palmitoylated residue in GFAP. Interestingly, it was found that palmitoylated
GFAP promotes astrocyte proliferation in vitro. Further, we showed that PPT1
depalmitoylates GFAP, and the level of palmitoylated GFAP is overwhelmingly
upregulated in PPT1-KI mice, which lead us to speculate that the elevated level of
palmitoylated GFAP might accelerate astrocyte proliferation in vivo and ultimately
led to astrogliosis in INCL. Indeed, blocking palmitoylation by mutating cysteine-291
into alanine in GFAP attenuate astrogliosis, and remarkably, the concurrent
neurodegenerative pathology in PPT1-KI mice. Together, these findings demonstrated
that hyper-palmitoylated GFAP plays critical roles in regulating the pathogenesis of
astrogliosis and neurodegeneration in CNS, and most importantly, pinpointing that
cysteine-291 in GFAP might be a valuable pharmaceutical target for treating INC, and
accordingly, the approach of structural based drug design is carrying out to test the
treating effect of these potential interventions in INCL mouse model.

Keywords: GFAP; Protein palmitoylation; PPT1; Astrogliosis; Neurodegeneration;
Interventions;
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The structure and function of ALS-linked C90rf72 complex

Dan Tang, Shigian Qi
Department of Urology, State Key Laboratory of Biotherapy, West China Hospital, Sichuan University,

610041 Chengdu, China

qishigian@scu.edu.cn

A massive intronic hexanucleotide repeat (GGGGCC) expansion in C9orf72 is a
genetic origin of familial amyotrophic lateral sclerosis (ALS) and frontotemporal
dementia (FTD). Studies have found that this repeat sequence participates in the
disease process by producing neurotoxic substances and reducing the level of C9orf72
protein Recently, C9orf72, together with SMCR8 and WDR41, has been shown to
regulate membrane trafficking, autophagy, and function as Rab GEF. However, the
precise function of C9orf72 remains unclear. Here, we report the cryogenic electron
microscopy (cryo-EM) structure of the human C9orf72-SMCR8-WDR41 complex at
a resolution of 3.2 A, unveiling the dimeric assembly of a heterotrimer of
C90rf72-SMCR8-WDR41. Notably, the C-terminal tail of C9orf72 and the DENN
domain of SMCRS play critical roles in the dimerization of the two protomers of the
C90rf72-SMCR8-WDR41 complex. In the protomer, while C9orf72 interacts with
SMCRS in a manner similar to the FLCN-FNIP2 complex, the GTPase activating
protein (GAP) of RagC/D, WDR41 is connected to the DENN domain of SMCRS
through its N-terminal B-strand and C-terminal helix but does not directly interact
with C9orf72. Structural comparison and sequence alignment revealed that Argl47 of
SMCRS is conserved and corresponds to the arginine finger of FLCN, and
biochemical analysis indicated that the Argl47 of SMCRS is critical to the
stimulatory effect of the C9orf72-SMCR8 complex on Rab8a and Rabl1a. Our study
not only illustrates the basis of the C9orf72-SMCR8-WDR41 complex assembly but
also reveals the GAP activity of the C9orf72-SMCRS8 complex.
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Hello, the era of intelligent microscopic imaging analysis

Tong Xin
Leica Microsystems

Email: xin.tong@leica-microsystems.com

MICA is more than just a highly automated microscope, it integrates wide-field and
confocal imaging in a closed chamber environment. With the push of a button, you
can intelligently set experimental parameters, accelerate the imaging analysis
workflow, power your research and simplify the process of obtaining your results.

This can all be done on a single workstation.

Point scan confocal,
Intelligent sample finding

OneTouch automatic parameter adjustment

el S A

Al-based analysis
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(Cancer) Theranostics with Radiolabeled Nanomaterials
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Lipid Nanoparticle-Mediated mRNA Delivery for CAR T Cell
Engoneering
Michael Mitchell
University of Pennsylvania, USA
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Development of Nanomaterials for mRNA Therapeutics, Genome
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Vimentin inhibits a-tubulin acetylation via enhancing a-TAT1 degradation
to suppress the replication of human parainfluenza virus type 3
Mingzhou Chen
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Basic Research meets the Needs for Clinical Practice of
Respiratory infectious Diseases
Jincun Zhao
State Key Laboratory of Respiratory Disease, National Clinical Research Centre for Respiratory
Disease, Guangzhou Institute of Respiratory Health, the First Affiliated Hospital of Guangzhou
Medical University, Guangzhou, Guangdong, People's Republic of China.

Email: zhaojincun(@gird.cn

Three coronaviruses have crossed species to cause severe human respiratory disease
in the past 20 years, including severe acute respiratory syndrome coronavirus
(SARS-CoV), Middle East respiratory syndrome coronavirus (MERS-CoV) and
SARS-CoV-2. Countermeasures for prevention and control of the pandemic, as well
as to efficiently diagnose and treat the patients infected with these highly pathogenic
coronaviruses are in urgent need.

Here, we summarize some of our previous studies that meet the needs for clinical
practice when encountered respiratory infectious diseases. First of all, the disclose of
transmission routes for a new emerging virus infection is critical, based on which the
government could make efficient policy to stop virus spread and quickly quarantine
close contacts. Our group first isolated SARS-CoV-2 virus in patient feces and urine,
indicating SARS-CoV-2 could transmit through feces-oral route. We also revealed
that in Africa, dromedary camels are the intermediate host for MERS and the patient
numbers with asymptomatic MERS are dramatically underestimated. Then, we
dissected the immunopathogenesis of these coronavirus infections. We found that
virus-specific T cells, especially cells that are reside in the lungs are protective. In
addition, humoral response not only could be used for diagnosis, but also is efficient
for severe disease prognosis. Last, to end the pandemic, we need efficient and long
lasting vaccines. We have developed the first Ad5-hACE2 mouse model for
COVID-19, using which we were able to test variety of vaccine and drug candidates.

In summary, to prevent and control a pandemic cause by emerging respiratory virus

infection quickly, researchers need to focus on the immediate needs of clinical
practice.
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Skin microbiota, odorants and arbovirus transmission
Hong Zhang, Yibin Zhu, Gong Cheng
School of Medicine, Tsinghua University, Beijing, 10084

Email: gongcheng@mail.tsinghua.edu.cn

Host-seeking activity of hematophagous arthropods is essential for arboviral
transmission. Here, we demonstrate that mosquito-transmitted flaviviruses can
manipulate host skin microbiota to produce a scent that attracts mosquitoes. We
observed that Aedes mosquitoes preferred to seek and feed on mice infected by
dengue and Zika viruses. Acetophenone, a volatile compound that is predominantly
produced by the skin microbiota, was enriched in the volatiles from the infected hosts
to potently stimulate mosquito olfaction for attractiveness. Of note, acetophenone
emission was higher in dengue patients than in healthy people. Mechanistically,
flaviviruses infection suppressed the expression of RELMa, an essential antimicrobial
protein on host skin, thereby leading to expansion of acetophenone-producing
commensal bacteria and consequently a high acetophenone level. Given that RELMa
can be specifically induced by a vitamin A derivative, dietary administration of
isotretinoin to flavivirus-infected animals interrupted flavivirus lifecycle by reducing

mosquito host-seeking activity, thus providing a strategy of arboviral control.
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The molecular characterization of the highly immunogenic SARS-CoV-2
nucleocapsid protein
Sisi Kang1, Shoudeng Chen'*
1. Molecular Imaging Center, Guangdong Provincial Key Laboratory of Biomedical Imaging, The
Fifth Affiliated Hospital, Sun Yat-sen University, Zhuhai, China, 519000

Corresponding email : chenshd5@mail.sysu.edu.cn

Severe acute respiratory distress syndrome-associated coronavirus-2 (SARS-CoV-2)
nucleocapsid (N) protein is a highly immunopathogenic and multifunctional viral
protein. At present work, we reported the crystal structure of SARS-CoV-2
nucleocapsid N-terminal domain (termed as SARS-CoV-2 N-NTD), as a model for
understanding the molecular interactions that govern SARS-CoV-2 N-NTD binding to
ribonucleotides. Compared with other solved CoV N-NTD, we characterized the
specificity surface electrostatic potential of SARS-CoV-2 N-NTD. Additionally, we
further demonstrated the unique RNA binding site characteristics. Our findings would
aid in the development of new drugs that interfere with viral N protein and viral
replication in SARS-CoV-2, and its highly related virus SARS-CoV.

Although human antibodies elicited by SARS-CoV-2 N protein are profoundly
boosted upon infection, little is known about the function of N-directed antibodies.
Herein, we isolated and profiled a panel of 32 N protein-specific monoclonal
antibodies (mAb) from a quick recovery coronavirus disease-19 (COVID-19)
convalescent, who had dominant antibody responses to SARS-CoV-2 N protein rather
than to Spike protein. The complex structure of N protein RNA binding domain with
the highest binding affinity mAb nCoV396 reveals the epitopes and antigen’s
allosteric changes. Functionally, a virus-free complement hyper-activation analysis
demonstrates that nCoV396 specifically compromises N protein-induced complement
hyper-activation, a risk factor for morbidity and mortality in COVID-19, thus paving
the way for functional anti-N mAbs identification.

110


mailto:chenshd5@mail.sysu.edu.cn

Abstract 2022 Biophysics Congress

S10-1/12-3(16:30-16:50)

A comparative study of hypoxia, hyperoxia and exercise health
Hao Wu, Yunxiang Pei
Capital University of Physical Education and Sports, Beijing, 100191,China
Email: wuhao@cupes.edu.cn

peiyunxiang@cupes.edu.cn

Purpose:

Tn order to reveal the hot dynamics and frontier issues in hypoxia and hyperoxia
research, to further understand the value of hypoxia and hyperoxia research and
applications, and to better apply hypoxia and hyperoxia therapy to the promotion of
chronic disease prevention and human health.

Methods:

Extracts from the Web of Science (WOS), MEDLINE, EMBASE, Cochrane and
Effectiveness Review databases were searched by the bibliographic method using the
following terms. "Hypoxia", "Hyperoxia", "Chronic disease", "Health". Systematic
review of hypoxia and hyperoxia research and development. And use Citespace
software to explore the research and development progress of global hypoxia and
hyperoxia.

Results:

The number of publications on hypoxia research has grown rapidly in recent years,
with Western countries having more research in this area and China still having little
influence in the world in this area. The use of mild hypoxia, or hypoxia conditioning ,
to strengthen the resilience of organs or the entire body to severe hypoxic insults is an
important preparation for high-altitude sojourns or to protect the cardiovascular
system from hypoxia/ischemic damage is already a cornerstone of modern medicine.
Many more hypoxia and/or hyperoxia adaptations are still in the early stages of
development. HC is gaining popularity for the treatment of chronic illnesses,
including obesity, diabetes, hypertension, and promote active health. It is sometimes
used in conjunction with hyperoxia therapies.

Conclusions:

The field of hypoxia and hyperoxia are developing rapidly, and innovative
applications, such as controlling the aging process, chronic disease prevention and
health promotion, hypoxia and hyperoxia are increasingly recognized. More research
is needed on the effects of altering the intensity, duration, and frequency of oxygen
concentrations, and individual susceptibility to such treatments, to develop

hypoxia/hyperoxia training into therapeutic applications.
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Advances in Highland Sports Medicine Research
Fuhai Ma,
Qinghai Institute of Sports Science Co. Ltd
Hypoxia is a challenge to human beings on the plateau. The significant plateau
hypoxic environment will due to failure of human body to adapt to the plateau
environment cause human physiological dysfunction or pathophysiological changes,
resulting in hypoxic injury and plateau decline, leading to the overall decline of
human mental and physical strength and the occurrence of various types of acute and
chronic plateau diseases, reducing the quality of life, not only affecting health but also
endangering life.
The most active and effective way for humans to adapt to the plateau is to exercise.
Studies have shown that the mild hypoxia of a moderate plateau (1500~3000m above
sea level) can play a role in "activating" the physiological functions of the human
body. This improves heart, lung and blood functions, enhances oxygen utilization and
improves metabolism, bringing beneficial effects to the organism and health.
Highland climate superimposed on physical exercise to improve heart and lung
function and health, alpine recuperation and highland health tourism as well as
highland training in competitive sports have become important means to improve
health and sports competition today, and are also a hot spot for research worldwide.
As plateau exercise belongs to the science of the environment and the role of exercise
on the human body, plateau exercise or exercise the human body to withstand the dual
stimulation of environmental low oxygen and load low oxygen, the organism changes
more complex and profound. Therefore, it is of great significance to strengthen the
research on the effects of exercise and exercise in hypoxic environment on human
hypoxic adaptation and physiological functions, as well as the methods and means to
adopt scientific exercise tests and exercise prescriptions, to guide plateau sports and
exercise, to effectively use hypoxic factors to improve athletic ability and promote
human health, to prevent and treat chronic diseases, and to reduce the damage caused
by the special environment of plateau to human body in the process of sports. It is
also important to reduce injuries caused by the highland environment.
PSM (Plateau Sports Medicine) is a comprehensive and interdisciplinary discipline
that includes plateau medicine, sports medicine, exercise physiology and sports
training, etc. It focuses on the medical problems related to sports in plateau, alpine,
mountainous and different geographical and climatic environments, and guides sports
through medical means and technical supervision. The aim is to reduce the damage
caused by the highland environment and to improve performance and health through
the use of low oxygen. The main content includes physiological adaptation
mechanisms in plateau sports, plateau training, plateau fitness sports and physical
health, fatigue recovery and injury prevention in plateau sports, plateau training and
low oxygen training. The service targets are national fitness, competitive sports,
medical and health care, national defence construction, emergency rescue, scientific
research, etc.
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Using Drosophila as a Model: Exercise Health Promotion in Aging Heart
Lan Zheng

Key Laboratory of Physical Fitness and Exercise Rehabilitation of Hunan Province, Hunan Normal
University, Changsha City, 410012, Hunan Province, China

Email: lanzheng@hunnu.edu.cn

Exercise can delay age-degenerative changes in cardiac structure and function, and its
molecular basis and potential molecular protective pathways remain unclear. The
model animal Drosophila has attracted attention in the field of aging research because
of its short life cycle, sophisticated transgenic technology, and abundant phenotypes.
Based on the behavioral characteristics of Drosophila climbing against gravity, we
developed the Drosophila exercise training device, innovatively established the
Drosophila exercise model, introduced and improved the research methods for
Drosophila cardiac structure and function, and investigated the changes of heart
structure and function during physiological aging, as well as established a
high-sugar/high-fat diet-induced pathological heart aging model, and studied the
molecular pathways of hypoxia and/or exercise to improve cardiac health. Our study
revealed that hypoxia and/or exercise ameliorated aging or high-fat diet-induced
lipotoxic cardiomyopathy, enhanced exercise capacity and prolonged healthy lifespan
in  Drosophila  through activation of NAD+/dSIR2/PGC-la  pathway,
dSIR2/FOXO/SOD pathway and dSIR2/FOXO/Bmm pathway, as well as
downregulation of apoLpp expression in cardiomyocytes. In addition, the dSIR2/Cyc
pathway was found to be key molecules mediating exercise delayed age-dependent

sleep-wake rhythm disturbances and cardiac arrhythmias.
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A Review of Epidemiological Studies on Genomic longevity and aging
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Regulation of chromatin states and conformations during heat shock

response in mammalian cells

Bingxiang Xu'?3#*, Xiaomeng Gao'?#, Xiaoli Li’-** Yan Jia!, Feifei Li’->", Zhihua Zhang'?>"
1, Beijing Institute of Genomics, Chinese Academy of Sciences, and China National Center for

Bioinformation No.l Beichen West Road, Chaoyang District, Beijing 100101, China.

2, School of Life Science, University of Chinese Academy of Sciences, Beijing, China.

3, School of Kinesiology, Shanghai University of Sport, Shanghai, China.
4, Department of Cell Biology and Genetics, Core Facility of Developmental Biology, Chongging
Medical University, Chongqing 400016, China.
5, Division of Cell, Developmental and Integrative Biology, School of Medicine, South China
University of Technology, Guangzhou 510006, China.

Heat shock is a common environmental stress, while the response of the nucleus to it
remains controversial in mammalian cells. Acute reaction and chronic adaptation to
environmental stress may have distinct internal rewiring in the gene regulation
networks. However, this difference remains largely unexplored. Here, we report the
different responses of chromatin conformation, chromatin accessibility and
nucleosome positions in short- and long-term heat shock in a common model
system—human K562 cells. We found that chromatin conformation in K562 cells was
largely stable in response to short heat shock, while it showed clear and characteristic
changes after long-term heat treatment with little alteration in chromatin accessibility
during the whole process. We further showed in silico and experimental evidence
strongly suggesting that changes in chromatin conformation may largely stem from an
accumulation of cells in the M stage of cell cycle in response to heat shock. This
conclusion was further supported by the similarity of stability and variability of
chromatin accessibility profiles between heat shock and transition of cells from G1/S
phase to G2/M phase. Nucleosomes were globally removed in genome regions which
respond to heat shock, no matter the direction of the responses, which also differed
from the observations in poikilotherms such as yeast or Drosophila. Our results
represent a paradigm shift away from the controversial view of chromatin response to
heat shock and emphasize the necessity of cell cycle analysis when interpreting bulk
Hi-C data. It also supplied evidences to the new opinion that nucleosome positionings
controlled responsiveness of regulatory elements, not the regulation direction, in

mammalian cells.
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The Joint Effect of PM2.s Exposure and Physical Activity on Cognitive
Function and Hemodynamic Response: A fNIRS study
Jianxiu Liul,2#; Yanwei You2#; Qian Di 1,5%; Xindong Ma 2,3*
1.Vanke School of Public Health, Tsinghua University, Beijing, China, 100084; 2. Division of Sports

Science& Physical Education, Tsinghua University, Beijing, China, 100084; 3. IDG/McGovern
Institute for Brain Research, Tsinghua University, Beijing, China. maxd@mail.tsinghua.edu.cn; 4.

Beijing, China. gi

# Equal contribution; *equal correspondence.

Background: Previous studies indicate that PMa.s exposure may adversely affect
respiratory and cardiovascular systems. In recent years, it has been found that PMa s
exposure may lead to cognitive impairment. However, the interaction of PMazs
exposure and physical activity on cognitive function and its hemodynamic mechanism
have not been reported.

Methods: This study explored the interaction between PMz s exposure and physical
activity on cognitive function through the national population sample of China family
follow-up survey (CFPS). In order to further explore the causal relationship and the
underlying mechanism of hemodynamics, we also conducted a randomized controlled
trial study (RCT), with PM2s purified and exercise interventions, to explore the
interaction of PMz s exposure and physical exercise intervention on cognitive function
and the hemodynamic response mechanism of prefrontal cortex using the functional
near-infrared spectroscopy (fNIRS).

Results: We found that PM: 5 exposure had adverse effects on cognitive function (f =
-0.084, 95%CI: -0.109, -0.06) in CFPS. PA and PM:;s exposure had an interactive
effect on cognitive function(B=- 0.037, 95%CI: -0.045, -0.029). In the RCT study, we
found that high-intensity intermittent exercise (HIIT) could improve the response time
of consistent Stroop task by 87% (B = 0.872, 95%ci:0.779, 0.976), and increased the
response time of inconsistent Stroop tasks by 88% (B = 0.886, 95%CI: 0.815, 0.964)
compared with the control group. PMas exposure and HIIT have interactive effects on
the response time of consistent and inconsistent Stroop tasks. This indicates that HIIT
intervention can improve cognitive function. However, the benefits of HIIT may be
attenuated under high concentrations of PMz s exposure. HIIT, moderate-intensity of
continuous training (MICT), and PM2s had effects on the hemoglobin concentration
in the dorsolateral superior frontal gyrus.

Conclusion: PM>s exposure and physical activity have interactive effects on
cognitive function, which HIIT was better than MICT. The activation of the
dorsolateral superior frontal gyrus may be the hemodynamic response mechanism of
PM: s, and exercise affecting cognitive function.

Keywords: PM»s Exposure; Physical activity; Cognitive function; Hemodynamic
response; fNIRS
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A comparative study on the characteristics of plantar pressure of high
altitude native and immigrant college students
SUN Xin (Research Center For High Altitude Medicine, Tibet University Medical College ; No. 10,
Zangda East Road, Lhasa, Tibet; 850000, 894345454@qq.com )
BIAN BA*(Research Center For High Altitude Medicine, Tibet University Medical College ; No. 10,
Zangda East Road, Lhasa, Tibet; 850000, 1744613356@qq.com )

Objective: To investigate the characteristics of plantar pressure of college students
who are native Tibetan and immigrated Han residents in Tibet University.

Methods: All native Tibetan and immigrant Han college students from grade one
class of clinical medicine were selected by cluster sampling method. The MPS flat
panel test system (Loran, Italy) was used to test the gait during static standing and
dynamic walking. SPSS 24.0 was applied for the data entering and analysis . Data
were reported as (x+s) .Difference in mean values between two ethnic group was
tested using T-test. The level of statistics significance was set at p<0.05.

Results: There were differences in 17 out of 21 of measured parameters between two
compared groups, such as peak pressure, average pressure, single foot touchdown
time, gait cycle, foot axis angle, contact area of each region, pressure peak of each
region, proportion of stress time of each region, average pressure of each region, etc.

Conclusion: The results of the present study suggest that mastering the characteristics
of plantar pressure in specific group can provide a scientific basis for the application
research of plantar pressure in different ethnic populations, so as to guide physical
exercise, rehabilitation training, as well as the shoes design and manufacture.
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Structural mechanisms of TRPV2 modulation by endogenous and
exogenous ligands
Nannan Su'>*¢, Wenxuan Zhen'>¢, Heng Zhang'-*®, Lingyi Xu?, Yitian Jin!, Xiaoying Chen'?, Cheng
Zhao?, Qinrui Wang®, Xinyan Wang®, Shaowei Li°, Han Wen>*, Wei Yang?*, Jiangtao Guo®** and Fan
Yang!-34*
! Department of Biophysics, and Kidney Disease Center of the First Affiliated Hospital, Zhejiang
University School of Medicine, Hangzhou, Zhejiang Province, China
2 Department of Biophysics, and Department of Neurology of the Fourth Affiliated Hospital, Zhejiang
University School of Medicine, Hangzhou, Zhejiang Province, China
3 Liangzhu Laboratory, Zhejiang University Medical Center, Hangzhou, Zhejiang 311121, China.
4 Alibaba-Zhejiang University Joint Research Center of Future Digital Healthcare
> DP Technology, Beijing, China
¢ These authors contributed equally to this work
*Correspondence should be addressed to:
Fan Yang (fanyanga@zju.edu.cn), Jiangtao Guo (jiangtaoguo@zju.edu.cn), Wei Yang
(vangwei@zju.edu.cn) or Han Wen (wenh@dp.tech)

Transient receptor potential vanilloid 2 (TRPV2) ion channel is a polymodal receptor
broadly involved in many physiological and pathological processes. Despite many
TRPV2 modulators identified, whether and how TRPV2 is regulated by endogenous
lipids remains elusive. Here we found an endogenous cholesterol molecule inside the
vanilloid binding pocket (VBP) of TRPV2, with a ‘head down, tail up’ configuration,
resolved at 3.2 A by cryo-EM. Cholesterol binding antagonizes ligand activation of
TRPV2, which is removed from VBP by methyl-B-cyclodextrin (MBCD) as resolved
at 2.9 A. We also observed that estradiol (E2) potentiated TRPV2 activation by
2-Aminoethoxydiphenyl borate (2-APB), a classic tool compound for TRP channels.
Our cryo-EM structures (revolved at 2.8-3.3 A) further suggested how E2 disturbed
cholesterol binding and how 2-APB bound within the VBP with E2 or without both
E2 and endogenous cholesterol, respectively. Therefore, our study has established the
structural basis for ligand recognition of the inhibitory endogenous cholesterol and

excitatory exogenous 2-APB in TRPV2.

124



Abstract 2022 Biophysics Congress

S1-2-3/12-4(14:05-14:20)

Architecture of Outer Rings From Xenopus laevis Nuclear Pore Complex

Obtained By Cryo-EM and Al

Linhua Tai, Yun Zhu, He Ren, Xiaojun Huang, Chuanmao Zhang, Fei Sun
National Key Laboratory of Biomacromolecules, Institute of Biophysics, CAS Center for Excellence in
Biomacromolecules, Chinese Academy of Sciences, Beijing 100101, China

Email: tailinhual 6@mails.ucas.ac.cn

The nuclear pore complex (NPC) is one of the largest protein complexes in
eukaryotes, performing multiple roles in cell life, including mediating
nucleocytoplasmic transport. Solving its sophisticated architecture could be essential
for the understanding of this fundamental assembly. Most recently, we used NPCs on
Xenopus laevis oocyte nuclear envelope as target, imaged NPCs as top-view particles
on flattened nuclear envelope and side-view particles on the edge of folded back
nuclear envelope, by an integration of cryo-SPA and artificial intelligence (Al)
methods, we obtained the fine structure of the outer rings from Xenopus laevis NPC
up to 8 A resolution, with local resolution reaching 4.9 A, the reconstructions were
nearly isotropic. Based on structure features of electron density maps and predictions
of full-length structures of all outer ring nucleoporins by AlphaFold2, we built the
pseudo-atomic model of NPC outer rings, composed of around 33,400 amino acids,

reaching nearly 33MDa.

With this model, we have fulfilled the previously absent gap in the hub region of Y
complex, described the full interaction network within the Y complex in outer rings.
Furthermore, we have distinguished and modeled five copies of Nup358, two copies
of Nup214 complex and one copy of Nup93 in each cytoplasmic ring (CR)
asymmetric unit, one copy of Nup205, one copy of ELYS and one copy of Nup93 in
each nuclear ring (NR) asymmetric unit. We further modeled Nup205 in CR and
ELYS in NR and confirmed their locations. With all the advances mentioned above,
we have successfully established nearly completed interaction network of outer ring

members.

In all, based on higher resolution reconstruction and more complete atomic model of
outer ring of Xenopus laevis NPC, we have revealed interaction networks within outer
ring components in metazoans, providing structural bases for further understanding of

metazoan NPC’s structure, assembly and functions.
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Keep your particles well-behaved: Graphene support to boost Cryo-EM
analysis
Nan Liu'*, Liming Zheng’, Jie Xu', Ye Lu', Hailin Peng’, Hong-Wei Wang'

!Beijing Advanced Innovation Center for Structural Biology, School of Life Sciences,
Tsinghua University, Beijing 100084, China.
2Center for Nanochemistry, Beijing Science and Engineering Center for Nanocarbons,
College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, China.

*Contact: Nan Liu: nanliuvem@tsinghua.edu.cn

High-quality and controllable specimen preparation is now still a practical challenge
in cryo-EM field, which is impaired by the air-water interface, strong background
noise, particles’ preferential orientation and beam-induced motion problems. Aiming
to achieve a more reproducible cryo-EM specimen preparation and keep the target
particles “well behaved” in the vitreous ice, a new generation of supporting films has
been explored in recent years. Graphene with the superior properties of ultrahigh
electrical/thermal conductivity, mechanical strength and negligible background noise,
is considered as an ideal supporting film in cryo-EM. Here we reported several
graphene-based supporting films, including ultraflat graphene, functionalized
graphene with various charges or affinity ligands, and graphene sandwich structure to
encapsulate biomolecules. We found these membranes enabled more controllable ice
thickness during specimen preparation. Small-molecular-weight biomolecules
exhibited nice contrast on these membranes and could be reconstructed at near atomic
resolution. Moreover, the majority of particles were found to be absorbed onto the
membrane surface with rich orientations, thus avoiding the air-water interface and
preferential orientation problems. We envision that these graphene-based membranes

have great potentials as robust supporting films for high-resolution cryo-EM analysis.
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Cryo-EM study of CatSpermasome—a sperm channel-transporter

supercomplex
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Westlake University, China

wujianping@westlake.edu.cn

127



Abstract 2022 Biophysics Congress

S1-2-6/12-4(15:10-15:30)

T/ NRNAZE Y& B 43 F HLAI R AT
b 5 A
B Bl A i Bl 2 B
SEIAEZEMBFE: duim@sustech. edu. cn

DNAFF AL (BmC) & EAZ AW Ok s R st R4 7 20, fESER Bk, 2
PRIZH B E | HRAEH 52 N R 55 2 M AR DhRe b 58 EERIEH . fEAEY+, DNA
F AL AT 2 I HBK Ome 2B 1 AT LR B AT S A5 A0 17 76 S (0 57 _E 45 1 I 47 HEDNA
FAEAL, il R 43 75 ZEDNA 32 3 25 HR AL I D B SR S . 5 8l A #i T TET
FITDG P 2 il 51 5 H FEAL A7 A B0 5% 33 NDNAME A 52 i ESNDNAZ: R AS R, #E4)
X 75 ZEROS1/DEMETER 2% & — S g BV ] 58 i F 2 ALDNA D) B, AT B 3233 ADNAE 52
FFREDNA L B4k, (HROSIKIEEAE & LAGH, BRE| 1 A= 5
TR . ABFFH, AT HEYIDNA L AL EEROS T AL X T R T K ER R H ek
i, MIFHRAS . AL BADNAER B H S 2 MFBE G173, B3k TROST
SR EADNAI RS E B &0, RIS SRR I T ZE 54
. Z&aW, ROSIRILHZMIIDNA glycosylase/lyase I REBEIIHAE, H
SE A P v I A R 4 ANROS TS 45 & 148, IFr A e R kil . Bk4k, ROSI
AT PAYIBRT G mismatch DNAHHT, JREVEPERSK, FRATEE EANE Box,
SRS TRISmCEEAR FAEH L, (ERTERIE 26 =AM T RS HIANE, &R T
ROSIXF5mCHI R 1 ) #  BEAA I, FRATTARHT T AHYIROS1 ZKMEDNA 2 FE ALK g 1 22
FEAEER, R T HE BRI E SmCHIHLEH .

128


mailto:dujm@sustech.edu.cn

Abstract 2022 Biophysics Congress

S1-2-7/12-4(15:30-15:45)

Cryo-EM structures of TMEM106B fibrils extracted from FTLD-TDP
patients
in Cao', David S. Eisenberg?
! Bio-X Institutes, Key Laboratory for the Genetics of Developmental and Neuropsychiatric Disorders,
Ministry of Education, Shanghai Jiao Tong University, Shanghai, China, 21000.
2 Department of Chemistry and Biochemistry and Biological Chemistry, UCLA-DOE Institute,
Molecular Biology Institute, and Howard Hughes Medical Institute, UCLA, Los Angeles, CA, USA,
90095.

Contact email: caogin@sjtu.edu.cn

FTLD (Frontotemporal lobar degeneration) is the third most common
neurodegenerative condition, following Alzheimer’s and Parkinson’s diseases. FTLD
tends to present in 45-64-year-olds and is broadly presented as behavioral or language
disorders. The major subtype FTLD-TDP (FLTD with TAR DNA-binding protein
inclusions) contributes to ~50% of the FTLD cases, and is characterized by certain
clinical symptoms and pathological inclusions detected by TDP-43 immunoreactivity.
Here we extracted amyloid fibrils from brains of four patients, representing four out
of five FTLD-TDP subclasses and determined their near-atomic resolution structures
via cryo-EM. Unexpectedly, all amyloid fibrils examined are composed of a
135-residue C-terminal fragment of TMEMI106B, a lysosomal membrane protein
previously implicated as a genetic risk factor for FTLD-TDP. Three-dimensional
reconstructions suggest all patient-derived fibrils are composed of one or two
protofilaments with a stable, conserved, golf-course-like fold. Further western blot
and immunogold labeling assays suggest that TDP-43 forms non-fibrillar aggerates in
these patients. Our study confirm that FTLD-TDP is an amyloid-involved disease and
suggest that amyloid involvement in FTLD-TDP is of protein TMEM106B, rather
than of TDP-43. Our findings will refocus attention on the pathogenic role of this
largely ignored protein, and perhaps open a pathway to structure-based therapies for

this common form of brain degeneration.
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SNX27-FERM-SNX1 complex structure rationalizes

divergent trafficking pathways by SNX17 and SNX27
Xin Yong?, Lin Zhao?, Wenfeng Hu?, Qingxiang Sun®, Hyoungjun Ham®, Zhe Liu?, Jie Ren¢, Zhen
Zhang?, Yifei Zhou?, Qin Yang?, Xianming Mo¢, Junjie Hu¢, Daniel D. Billadeau®, and Da Jia®
“Key Laboratory of Birth Defects and Related Diseases of Women and Children, Department of
Paediatrics, West China Second University Hospital, State Key Laboratory of Biotherapy and
Collaborative Innovation Center of Biotherapy, Sichuan University, Chengdu 610041,
China;*Department of Pathology,State Key Laboratory of Biotherapy, West China Hospital, Sichuan
University, Chengdu 610041, China, Division of Oncology Research and Schulze Center for Novel
Therapeutics, Mayo Clinic, Rochester, MN 559035, “Institute of Biophysics, Chinese Academy of
Sciences, Beijing 100101, China,; and *Department of Pediatric Surgery and Laboratory of Stem Cell
Biology, State Key Laboratory of Biotherapy, West China Hospital, Sichuan University, Chengdu
610041, China
Email: 362115410@qq.com

The sorting nexin proteins are critical for endosomal trafficking and signaling. SNX17
and SNX27 are two SNX proteins displaying high similarity in domain structure,
including a common FERM domain; however, they mediate distinct endocytic
recycling pathways. We now solve this mystery by demonstrating that the FERM
domains of SNX17 and SNX27 have different functions. Whereas the FERM domain
of SNX17 recognizes the NPxY/NxxY motif, the same domain in SNX27 binds to a
novel “DLF” motif within the N termini of SNX1/2. The interaction between
SNX27 and SNX1/2 not only helps efficient retrieval of multiple cargoes but also
promotes endosomal recruitment of SNX27. We further demonstrate that the
SNX27-SNX1/2 interaction is crucial to neuronal growth and brain development in
zebrafish. Altogether, our study solves a long-standing puzzle in the field and
suggests that SNX27 and SNX17 mediate endocytic recycling through fundamentally

distinct mechanisms.
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A direct method to solve protein crystal structures from X-ray diffraction
data with iterative projection and deep learning algorithms
Ruijiang Fu, Hongxing He*
Department of Physics, Ningbo University, Ningbo, Zhejiang, China, 315211.

Correspondence e-mail: hehongxing@nbu.edu.cn

Atomic-resolution protein structures are usually determined from X-ray diffraction
pattern. Although AlphaFold and RoseTTAFold could predict most protein structures
at various confidence levels, the true atomic structure of a protein still needs to be
determined and checked by experiment. Determining the phases of the diffraction
pattern is crucial since the diffraction pattern only records the diffraction magnitudes.
We proposed a direct phasing method to solve protein crystal structures from X-ray
diffraction data. The method starts from random phases without any prior information
about the structure which makes it free of model bias. The basic version of the method
consists of iterative projection algorithms such as hybrid-input output (HIO)
algorithm and histogram matching technique, which works well on phasing protein
crystals with high solvent content. For intermediate solvent content crystals, it
becomes difficult to reconstruct the protein envelope from scratch, which is essential
for solving the atomic structure. A transition region between the protein and the
solvent was introduced to refine the reconstructed protein envelope. Iterative
projection algorithms, such as continuous hybrid-input output (CHIO) and
hybrid-projection reflection (HPR), are able to make use of the solvent inside the
protein envelope during phasing the diffraction data, which help a lot in dealing with
intermediate and low solvent-content crystals. For phasing low solvent-content
crystals, non-crystallographic density averaging was used to determine atomic
structures. In addition, deep neural networks, such as deep convolutional neural
network (DNN) and generative adversarial network (GAN) were trained by synthetic
diffraction data and used to predict the protein envelope directly from the diffraction
data. We tested our method on tens of protein structures which have been posted in
the protein data bank (PDB). The retrieved phases of the method usually have a mean
phase error around 30 degrees. The calculated density map is quite interpretable and
the reconstructed structure matches well with the PDB posted model. The new
phasing method can supplement and enhance the traditional phasing method and
refinement tools. It is also quite useful for phasing X-ray free-electron laser (XFEL)

diffraction data.
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General approach to design of miniprotein binders to arbitrary protein
targets

Longxing Cao
School of Life Sciences, Westlake University, Hangzhou, Zhejiang 310024, China

Email: caolongxing@westlake.edu.cn

Protein-protein interaction plays a key role in almost all the fundamental life
processes, such as virus infection, immune recognition and cell signaling transduction.
Designing de novo proteins that could specifically interact with native proteins has
shown great potential for drug development and new diagnostic tools. Historically,
binder design methods relayed on the information of binding hotspots or binding
motifs derived from the complex crystal structures. The ability to design protein
binders without using any of the native complex information could broadly expand
the horizon of “computationally targetable” protein targets. I will present a method to
design de novo protein binders to natural targets where the only information required
is the target structure. Successful application of this method to several natural proteins
will be shown, including designing picomolar miniprotein inhibitors that could
neutralize the SARS-CoV-2 virus. More generally, the approach now enables targeted
design of binders to sites of interest on a wide variety of proteins for therapeutic and

diagnostic applications.
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Combinatorial genetic dissection of neural circuits
Miao He
Institutes of Brain Sciences, Fudan University, Shanghai, China
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The mammalian brain is composed of diverse neuronal cell types derived from neural
stem cells. Genetic strategies engaging the intrinsic gene regulatory mechanisms that
generate and maintain cell type identity allow precise and reliable identification and
manipulation of cell lineages and cell types. Here we will present some recent work in
developing combinatorial strategies incorporating two orthogonal recombinases to
enhance specificity and flexibility of genetic targeting, lineage tracing and conditional
gene regulation. We are applying these tools to decipher complex genetic architecture

of brain disorders and uncover organization principles of neural circuits.
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A vagal-NTS pathway that stimulates feeding
Jing Chen', Cheng Zhan?
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A fundamental question of physiology is how gut-brain signaling stimulates appetite.
While many studies have emphasized the importance of vagal afferents to the nucleus
of the solitary tract (NTS) in inducing satiation, little is known about whether and
how the vagal-NTS pathway senses orexigenic signals and stimulates feeding. Here,
we reported a previously uncharacterized population of fasting-activated
catecholaminergic neurons in the NTS. After characterizing the anatomical
complexity among NTS catecholaminergic neurons, we surprisingly found that
activation of NTS epinephrine (ENT) neurons that co-express neuropeptide Y (NPY)
stimulated feeding, whereas activation of NTS norepinephrine (NENTS) neurons
suppressed feeding. Monosynaptic tracing/activation experiments then showed that
these NTS neurons receive direct vagal afferents from Gut-innervating nodose
neurons. Moreover, Activation of the vagal-NPY/ENTS neural circuit stimulated

feeding. Our study reveals a vagal-NTS pathway that stimulates feeding.

139


mailto:zhancheng@ustc.edu.cn

Abstract 2022 Biophysics Congress

S12-1/12-4(13:30-13:55)
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Therapeutic proteins are widely used in clinic for the treatment of various diseases.
Nevertheless, they often have short circulatory half-lives. As a result, frequent
administrations at high concentrations are necessitated to achieve a therapeutically
useful blood level, giving rise to not only heavy financial burden and poor compliance
of patient but also unsatisfactory therapeutic efficiency and serious side effects.
Conjugating synthetic polymers like poly(ethylene glycol) (PEG) with therapeutic
proteins to yield protein-polymer conjugates is the most frequently used strategy to
prolong the circulatory half-lives. So far, 20 PEGylated protein drugs have been used
in clinic in the world. However, PEGylation has some disadvantages as follows: 1)
PEG itself does carry some potential safety risks, such as the antibody formation
against PEG and hypersensitivity to PEG; 2) Decreased activity and heterogeneity are
also the negative aspects of PEGylated proteins, which may limit the wide use of
PEGylated proteins. To address these challenges, we have combined protein
engineering with polymer engineering to develop new and general strategies of
site-specific in situ polymerization (SIP) and elastin-like polypeptide fusion
(ELPfusion) to site-specifically modify proteins with polymers to form site-specific
protein-polymer conjugates with well-retained bioactivity and high efficiency. In this
presentation, I will talk about our recent progress in the design of ELP fused proteins

for cancer therapy.

140



Abstract 2022 Biophysics Congress

S12-2/12-4(13:55-14:20)

A Nanocomposite-based Vascularized Elastic Conductive Patch for
the Repair of Infarcted Myocardium
Weirong Xiong#, Xiaoxian Wang, Haien Guan, Fanxuan Kong, Zhaoming Xiao, Yihan Jing,
Liu Cai, Honghao Hou, Xiaozhong Qiu,* and Leyu Wang*

Guangdong Provincial Key Laboratory of Construction and Detection in Tissue Engineering,
School of Basic Medical Science; Biomaterials Research Center, School of Biomedical
Engineering, Southern Medical University, Guangzhou, Guangdong 510515.

E-mail: qqiuxzh@163.com.

The integrity of conductivity, elasticity and fully vascularization into a cardiac
patch remains a challenging. The prevascularization of conductive elastic cardiac
patches could be an effective strategy for building a substantial connection
between the patch and the infarcted heart. Here, we introduced a coronary artery
casting into a holey graphene oxide/polypyrrole(hGO/pPy)
nanocomposite-incorporated polyhydroxyethyl methacrylate prefabricated gel to
form a vascularized conductive elastic patch. The introduction of a hGO/pPy
conductive nanocomposite into the cryogel and the cryo-polymerization technique
simultaneously achieved high conductivity as well as elasticity and toughness.
Meanwhile, the 3D biomimetic vascular channels produced using prefabricated
vascular casting templates helped to fully vascularize the cryogel in the dynamic
culture. The vascularized, conductive, and elastic patch also can promote the
functionalization and synchronous contraction of cardiomyocytes. Besides, the
pre-vascularized network in the cryogel can guide cardiomyocytes’ growth and
penetration in the gel. After the vascularized conductive elastic patches are
transplanted onto the rat's infarcted heart for 4 weeks, the changes of the left
ventricular fractional shortening is elevated by 18% and that the infarcted area is
decreased by 32% compared to the the MI group. Besides, The engineered patches
were able to rebuild functional vascular anastomoses and provide strong electrical
integration with infarcted hearts, resulting in effective myocardial infarction repair
in vivo. RNA sequencing analyses further revealed that the conductive elastic
patches under dynamic culture conditions upregulated cardiac muscle contraction-
and ATP biosynthesis-related mRNA expression in vitro. Together, this study
demonstrates that the fabricated patches have versatile conductivity, elasticity, and
vascularization properties, and could therefore be a promising candidate for heart

repair.
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Self-assembled small-molecule prodrug nanomedicines in cancer
therapy
Jin Sun, Bingjun Sun
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Chemotherapy is one of the most effective strategies in cancer treatment.
Prodrug-based self-assembled nanoparticles (NPs), which integrate the advantages of
prodrug strategy and nanocarriers, have emerged as an efficient drug delivery system
(DDS) for cancer therapy. Prodrug nanoassemblies have the advantages of high drug
loading, good stability and low toxicity, which have been widely studied in recent

years.

Based on these, we have carried out the following work: (1) the disulfide
bond-bridged prodrug nanoassemblies were demonstrated distinct redox responsibility.
Instead of its previous application as a reduction-responsive bond, this work has
greatly expanded the application of the disulfide bond as a chemical bridge for
prodrugs. (2) a novel trisulfide bond-bridged DOX dimeric prodrug was designed and
synthesized. The trisulfide bond has three sulfur atoms and two sulfur-containing
dihedral angles, which significantly improve the self-assembly of DOX dimeric
prodrug. Therefore, the colloidal stability, pharmacokinetics and tumor accumulation

of the prodrug nanoassemblies were greatly improved.
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Highly sensitive nanoprobes for medical imaging and therapy

Fangyuan Li!
!College of Pharmaceutical Sciences, Zhejiang University, Hangzhou Institute of Innovative Medicine,

Zhejiang University, 310058, Hangzhou
E-mail: lfy@zju.edu.cn

The rapid development of nanotechnology promotes the design and fabrication of
high-performance imaging probes for biomedical applications [1]. Based on the
important role of ions in life activities and disease early development,
high-performance nanoprobes in response to certain ions (H*, K*, ROS, etc.) are
designed via controlled chemical assembly for highly sensitive and specific imaging
as well as efficient therapy for diseases [2]. The imaging or/and therapeutic functions
of ion-responsive nanoprobes were elucidated under the disease microenvironment
with abnormal ion levels [3]. The mechanism of ion-triggered biological function
activation or amplification of ion-responsive nanoprobes has been investigated [4].
Overall, new strategies for are developed for the design of intelligent biomaterials for

precise diagnosis and treatment, promoting interdisciplinary integration [5].

Keywords: nanoprobes; intelligent biomaterials; biomedical imaging; nanomedicine
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Metal-Phenolic Network (MPN) biomaterials for cancer therapy
Yunlu Dai
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Introduction: Metal polyphenols networks (MPN), which make use of the
coordination between metal ions and phenolic molecules, have emerged as promising
materials for nanomedicine. Compared with other materials, MPNs have several
potential advantages, including pH responsiveness, negligible cytotoxicity.
Additionally, the phenolic groups in the materials can be functionalized to meet
specific applications.

Methods and Result: We constructed a serious of polyphenol-based nanoplatform for
combination cancer immunotherapy. These nanoplatforms were stable under normal
physiological environment and release therapeutic agents in the tumor site. The MPN
can enhance anti-tumor immune response by various strategies by exploiting the
tumor microenvironment.

Conclusion: MPN based nanoplatforms can evoke highly efficacious cancer

immunosurveillance while minimizing systemic side effects.
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A new polysaccharide platform constructs self-adjuvant nanovaccines to
enhance immune responses
Ye Liu
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Nanovaccines have shown the promising potential in controlling and eradicating the
threat of infectious diseases worldwide. There has been a great need in developing a
versatile strategy to conveniently construct diverse types of nanovaccines and induce
potent immune responses. To that end, it is critical for obtaining a potent self-adjuvant

platform to assemble with different types of antigens into nanovaccines.

Here, we identified a new natural polysaccharide from the rhizomes of Bletilla striata
(PRBS), and used this polysaccharide as a platform to construct diverse types of
nanovaccines with potent self-adjuvant property. In the construction process of
SARS-CoV-2 nanovaccine, PRBS molecules and RBD protein antigens were
assembled into~300 nm nanoparticles by hydrogen bond. For HIV nanovaccine,
hydrophobic effect dominantly drove the co-assembly between PRBS molecules and
Env expression plasmid into ~350 nm nanospheres. Importantly, PRBS can potently
activate the behaviors and functions of multiple immune cells such as macrophages, B
cells and dendritic cells. Depending on PRBS-mediated immune activation, these
self-adjuvant nanovaccines can elicit significantly stronger antigen-specific antibody
and cellular responses in vivo, in comparison with their corresponding traditional
vaccine forms. Moreover, we also revealed the construction models of PRBS-based
nanovaccines by analyzing multiple assembly parameters such as bond energy, bond

length and interaction sites.

In conclusion, PRBS, a newly-identified natural polysaccharide which can
co-assemble with different types of antigens and activate multiple critical immune
cells, has presented a great potential as a versatile platform to develop potent

self-adjuvant nanovaccines.
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Single-chromosome Yeast Models Reveal the Configuration Robustness
of Functional Eukaryotic Genomes
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Chromosomes in eukaryote nucleus carry genes, and are responsible for passing
genetic information from parents to offspring. Different organisms usually contain
different numbers of chromosomes. Whether the organization and/or number of
chromosomes that have evolved in a particular species contribute to speciation
reamins unclear. Here we have successfully established several single-chromosome
fission yeast Schizosaccharomyces pombe models, in which the natural three
chromosomes have been fused into one chromosome in different orders after deletion
of the corresponding telomeres and centromeres. We have characterized the
single-chromosome S. pombe cells in terms of morphology, growth, meiosis,
genotoxic-drug sensitivity, chromosome structure, transcriptome and etc. Our results
reveal the configuration robustness of eukaryotic genomes that can tolerate dramatic

chromosome alterations.
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Transcriptomic insights into the longevity factors in centenarians
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systemic rejuvenation across aged tissues
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mRNA surveillance in mammalian ageing
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Nonsense-mediated mRNA decay (NMD) is a highly conserved post-transcriptional
gene regulation mechanism. NMD degrades transcripts containing premature
termination codons (PTCs) generated by genetic mutations, transcription errors or
alternative splicing events, thus prevents the production of C-term truncated proteins
insides a cell. Furthermore, NMD targets 3%-10% of a cellular transcriptome to
regulate the abundance of physiological important RNA species. In humans, NMD is
implicated in multiple diseases, including neurodevelopmental disorders (NDDs),
autoimmune diseases and tumors. We recently generated a conditional knockout
mouse line of NMD core factor Smg6 (the Smg6-PINT¥x mouse). By crossing the
Smg6-PINo¥ox mouse with the Nestin-Cre transgenic line, we found that loss of
Smg6 in developing neocortex compromises neural stem cell self-renewal and
promotes its premature differentiation. Consequently, Smg6 deficiency results in
microcephaly and perinatal lethality in mice. Furthermore, we generated a Smg6
inducible deletion mouse line (Smg6-PINfovflox Cre-ER™"), and found loss of
Smg6-NMD in adult mice causes early onset of ageing phenotypes through disturbing
tissue homeostasis in major organs, including testis, intestine, and hematopoietic
system. Our studies disclose essential roles of NMD in mammalian development and

ageing.
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Structure of the human Meckel-Gruber protein Meckelin
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Mutations in the Meckelin gene account for most cases of Meckel-Gruber syndrome,
the most severe ciliopathy with a 100% mortality rate. Here, we report a 3.3 A
cryo-electron microscopy structure of human Meckelin. The structure reveals a
unique protein fold consisting of an unusual cysteine-rich domain that folds as an arch
bridge stabilized by eleven pairs of disulfide bonds, a previously uncharacterized
domain named [-sheet-rich domain, a novel seven-transmembrane fold wherein
TM4-6 are broken near the cytoplasmic surface of the membrane, and a coiled-coil
domain placed below the transmembrane domain. Meckelin forms a stable
homodimer with an extensive dimer interface. Our structure establishes a framework

for dissecting the function and disease mechanisms of Meckelin.
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Sequestration of cellular native factors by protein aggregates
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Protein misfolding and aggregation are a hallmark of several neurodegenerative
diseases (NDs), such as Huntington’s disease (HD) and amyotrophic lateral sclerosis
(ALS). However, how protein aggregation leads to cytotoxicity and
neurodegeneration is still contentious. Accumulating evidence demonstrates that
sequestration of cellular-interacting partners by protein aggregates contributes to the
pathogenesis of these diseases. According to the interaction modes, we classified the
sequestration effects into four types: protein co-aggregation, domain or
motif-mediated sequestration, RNA-assisted sequestration, and sequestration of
molecular chaperones. Thus, the cellular essential proteins and/or RNA hijacked by
protein aggregates may lose their biological functions, thereby resulting in
cytotoxicity and neurodegeneration. We have taken polyglutamine (polyQ) and
RNA-binding proteins as models to investigate the mechanism underlying protein
sequestration and its cellular impact. This presentation summarizes our recent
progresses in sequestration of cellular native factors by protein aggregates and
discusses the potential consequences to cellular availability, function, homeostasis,

and proteinopathy.

Keywords: Protein aggregation; Sequestration; Interaction; Cellular homeostasis;
Proteinopathy.
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PINK1 regulates AB and hyperphosphorylated tau induced
mitophagy-lysosomal degradation, neuroinflammation, and oxidative
stress
Xiaojuan Wang (EWE4H) , Libo Zou C(ZRF[P) , Peng Liu (XM

Department of Pharmacology, Shenyang Pharmaceutical University, 103 Wenhua Road, Shenhe
District, Shenyang Liaoning, 110016, P.R. China. Tel: 15998399726. Email: pengliu@syphu.edu.cn

PTEN-induced putative kinase 1 (PINK1)/parkin mediates mitophagy, which is a
specialized form of autophagy. To our knowledge, the contribution of PINKI1 in AP
and hyperphosphorylated tau-induced mitophagy-lysosomal degradation have not
been fully and systematically reported. In the present study, we found that PINK1
knockout decreased the motor and cognitive function of 8 and 12-month-old SD rats,
promoted mitochondrial fusion in the hippocampus of 4-month-old rats, and
mitochondrial fission of 8 and 12-month-old rats, but inhibited mitochondrial fusion.
Then, we used 4-month-old SD rats and PINK1-knockout SD rats to mimic two AD
rat models by intracerebroventricular (ICV) microinjection of AB25-35 or forskolin
(FSK, a PKA activator). We found that the expressions of mitophagy-related receptor
proteins, LC3 and autophagy substrate p62/SQSTMI1 in the hippocampus of ICV-AB
rats were increased, while the expression of VAMP7 involved in
autophagosome-lysosome fusion was decreased, and the mitophagy-lysosome
pathway was blocked. Although PINK1 deficiency inhibited AB-induced increase in
mitophagosomes, it aggravated lysosomal dysfunction, resulting in decreased
mitophagosomes and autophagy substrate degradation, and ultimately aggravated the
blockade of mitophagy-lysosomal pathway. The results of western blot, transmission
electron microscopy, and immunofluorescence, all confirmed that PINK1 deficiency
promoted Ap-induced mitochondrial fusion. neuroinflammation, synaptic damage,
and finally aggravated cognitive dysfunction in rats. Similar results were found in the
hyperphosphorylated tau rat model, which was induced by ICV-FSK. PINKI1
deficiency exacerbates FSK-induced tau pathology, synaptic damage, mitochondrial
dysfunction and antioxidant system defects. Next, we used AAV-mediated gene
interference technology to over-expressed PINK1 by injecting AAV into the tail vein
of the SD rats. PINK1 over-expression inhibited AP and hyperphosphorylated
tau-induced abnormal mitochondrial dynamics, alleviated neuroinflammation,
synaptic damage and oxidative stress by activating PINKI/Parkin-mediated
mitophagy-lysosomal pathway. Above all, our data support a critical role of
PINKI-mediated mitophagy in controlling AP toxicity, mitochondrial quality,

neuroinflammation, tau hyperphosphorylation and oxidative stress in AD.
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Chaperone codes of Hsp70: from cysteine modifications to covalent
inhibitors

Hong Zhang*
Institute of Basic Medicine, Chinese Academy of Medical Sciences, Beijing 100730, China
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Hsp70 proteins are a family of ancient and conserved chaperones. They play
important roles in vital processes, such as protein quality control and response to
stress. Hsp70 proteins are drug targets for certain diseases, in particular cancer.
Human HspA1A (hHsp70) contains five Cys residues, three in the nucleotide binding
domain (NBD) and two in the substrate binding domain (SBD). Our previous studies
have shown that the two Cys residues in the SBD are reactive under physiologically
relevant oxidative conditions and glutathionylation of these residues modulates the
structure and function of hHsp70. PES has been identified as an inhibitor of Hsp70 for
over a decade. We found that PES can covalently bind to the a-helical bundle of the
SBD (SBDa) of hHsp70 and causes similar structural and functional changes in
hHsp70 as observed with glutathionylation. However our further study based on
click-reaction-assisted activity-based protein profiling (click-reaction ABPP)
indicated that PES could have multiple cellular protein targets. Development of
specific covalent inhibitors targeting Hsp70 is still big challenge. To accumulate the
basic information for it we also carefully explored the cysteine reactivity of hHsp70
and human HspA8 (hHsc70), and found the domain interaction and structural
dynamics contribute to their different cysteine reactivity. These results facilitate
understanding of the effects of redox and electrophiles on the chaperone activity and
regulation mechanisms of Hsp70 proteins, and how these differences allow them to
undertake distinct cellular roles.

Keywords: cysteine modifications, covalent inhibitors, Hsp70, cysteine reactivity
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CHK1 Controls Zygote Pronuclear Envelope Breakdown by Regulating
F-actin through Interacting with MICAL3

HongHui Zhang'*** , Mei Li’***, MengGe Zhang'->**, ShiGang Zhao'-***, ZhenZhen Hou!234,
TaiLai Chen®, RuSong Zhao'*3#, YueHong Bian!?3# , ChuanXin Zhang'?**, JingZhu Song!23#,

Zi-Jiang Chen!?345 KeLiang Wu->3#", Han Zhao!>3#"
! Center for Reproductive Medicine, Shandong University, Jinan, Shandong, 250012, China

2Key Laboratory of Reproductive Endocrinology of Ministry of Education, Shandong University, Jinan,
Shandong, 250012, China

3Shand0ng Key Laboratory of Reproductive Medicine, Jinan, Shandong, 250012, China

4Shandong Provincial Clinical Research Center for Reproductive Health, Jinan, Shandong, 250012,
China

S Center for Reproductive Medicine, Ren Ji Hospital, School of Medicine, Shanghai Jiao Tong
University, Shanghai, 200135, China

*Correspondence: hanzh80@sdu.edu.cn (Han Zhao) or wukeliang 527@163.com (Ke-Liang Wu)

Mammalian zygote pronuclear envelope breakdown is an important guarantee for the
successful initiation of first mitosis, but its regulatory mechanism remains largely
unknown. Our previous study has identified CHK1 mutation could cause zygote arrest
at pronuclei stage by affecting cell-cycle progress. However, the specific molecular
mechanism on CHK1 modulating pronuclear envelope breakdown in zygotes needs to
be further elucidated. In the current study, by transferring the pre-pronuclei from
CHK1-mutation zygotes into the cytoplasm of normal enucleated fertilized eggs, we
could successfully rescue mutation-caused zygote arrest and harvest high-quality
blastocysts, which indicates that CHKI1 dysfunction may tremendously destroy
biological events mainly in the cytoplasm. We then found that CHK1 mutants
affected the F-actin meshwork to disturb pronuclear envelope breakdown. By
collecting 6000 mouse zygotes for Co-immunoprecipitation/Mass spectrum, we
further identified that CHK1 interacted with MICAL3, a vital regulator of F-actin
disassembly. While CHK1 mutants enhanced the interaction with MICAL3 and thus
increased MICAL3 enzyme activity, resulting in excessive F-actin depolymerization.
This study supplies an interpretation for the regulatory mechanism of pronuclear
envelope breakdown during the transition from meiosis to the first mitosis in

mammalian.
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lllumination of RNA dynamics using fluorescent RNAs

Yi Yang
Optogenetics & Synthetic Biology Interdisciplinary Research Center, State Key Laboratory of
Bioreactor Engineering, East China University of Science and Technology, 130 Mei Long Road,
Shanghai 200237, China.
Email: yiyang@ecust.edu.cn

Numerous studies show that RNAs have highly complex distributions, behaviors, and
functions in cells. A robust fluorescent protein (FP)-like approach for tagging RNAs
in order to monitor RNA dynamics in live cells remains to be developed. Here, we
describe the development of two series of monomeric, highly bright, and stable
fluorescent RNAs (FRs) with a broad range of emission maxima spanning from cyan
to red. These FRs allow simple and robust imaging of mRNA and other RNA species
in live cells with minimal perturbation of the target RNA’s transcription, localization,
and translation. We further show the usefulness of these FRs in imaging of genomic
loci through CRISPR display, real-time tracking of protein-RNA tethering, and
super-resolution imaging of RNA by structured illumination microscopy. These FRs

provide ideal tools for live imaging of cellular RNAs.

159



Abstract 2022 Biophysics Congress

S15-3/12-4(14:10-14:30)

BE S TIRIDGEH R EARIOERB A
eIt
TEFAFRRHA T [HF A RS 50

xIong. hanqing@pku. edu. cn

YNGR 2 U A5 T2 3t A A AT AR R )i T R T A S B
o R BRI, RN T BRIE RS MRS ZR R 1) 1 26 e i ML ARy Ak
MEZ N, B2 AU R AL 1 50T 70 7451 sh T2 M S ER S IR AL 2 5 2
(A & HIUR A B EAR LSS, FLEUR R T 50 71 MR SO i /N 2 B 2
AR P R GOCIEROR —— 2 2 W0k %t (SREF) o SREFY 1%
L5 T P20 I R A SRR SR R AN S GO 1 Y i R, & H AT R DLl 4
T3 By T2 T AR BET AT BRSO . AR TR B SESREFEOR MR i
IR N IR IR, B RS R, AR 2t B RRAR LR
HR, e HAE TS A AR 5 1% R A 7T

160



Abstract 2022 Biophysics Congress

S15-4/12-4(14:30-14:45)

DeepContact: High throughput quantification of membrane contact site
based on electron microscopy imaging
Liging Liu'*", Shuxin Yang?*', Yang Liu>*, Xixia Li’, Junjie Hu'*",
Li Xiao?>** and Tao Xu!®™
INational Laboratory of Biomacromolecules, Institute of Biophysics, Chinese Academy of
Sciences, Beijing, China.
’Key Laboratory of Intelligent Information Processing, Institute of Computing Technology,
Chinese Academy of Sciences, Beijing, China.
3Ningbo HuaMei Hospital, University of Chinese Academy of Sciences, Ningbo, China.
4School of Computer and Control Engineering, University of Chinese Academy of Sciences,
Beijing, China.
SCenter for Biological Imaging, Institute of Biophysics, Chinese Academy of Sciences, Beijing,
China.
®College of Life Science, University of Chinese Academy of Sciences, Beijing, China.
’School of Biomedical Engineering, Guangzhou Medical University, Guangzhou, Guangdong,
China.
fThese authors contributed equally: Liging Liu, Shuxin Yang.

“e-mail: xutao@ibp.ac.cn; xiaoli@ict.ac.cn; huj@ibp.ac.cn.

Membrane contact site (MCS)-mediated organelle interactions plays essential roles in
the cell. Quantitative analysis of the MCS reveals vital clues for cellular responses
under various physiological and pathological conditions. However, an efficient tool is
lacking. Here, we developed “DeepContact”, a deep learning protocol for optimizing
organelle segmentation and contact analysis based on label-free electron microscopy
(EM). DeepContact presents high efficiency and flexibility in interactive
visualizations, accommodating new morphologies of organelles and recognizing
contacts in versatile width ranges, which enables statistical analysis of various types
of MCSs in multiple systems. DeepContact profiled previously unidentified
coordinative rearrangements of MCS types in cultured cells with combined nutritional
conditioning. DeepContact also unveiled a subtle wave of ER-mitochondrial
entanglement in Sertoli cells during the seminiferous epithelial cycle, indicating its

potential in bridging MCS dynamics to physiological and pathological processes.
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Seeing Is Solving -- Stunning Details in Living Cells Using Evident
SIM-ultimate
Shaoling Qi, Principle Engineer, Life Science Division,
EVIDENT(Shanghai)Co. Ltd. Beijing Branch
Universal Business Park,B10-102, NO.10 Jiuxiangiao Road, Chaoyang District, Beijing, 100015

Email: shaoling_gi@olympus.com.cn

Live cell super-resolution imaging is now a growing application trend in life science,
clinical research, and regenerative medicine studies. However, there is always a
trade-off between spatial resolution, temporal resolution, and phototoxicity, making it
a significant challenge to investigate fine structural dynamics in cells. We have

developed both hardware and software solutions to overcome these challenges.

In this session, I will discuss how Evident’s SIM-ultimate system, combines speed,
sensitivity, and resolution for live-cell-compatible super resolution imaging. I will
also be presenting several application examples where the Evident SIM-ultimate

system has been effective.

* EVIDENT Is a wholly owned subsidiary of Olympus comprised of its former life
science and industrial divisions. For over 100 years, Olympus has established itself as
a leading innovator and manufacturer of excellent optical lenses and light
microscopes. As of April, Olympus Scientific Solutions Division was reorganized into

a separate company. The new company are now called Evident.
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Leica’s latest advances in CLEM technology
Renyao Wang

Leica Microsystems, Nano Product Manager

Email: renyao.wang@leica-microsystems.com

Electron microscopy is the most commonly used method to study the ultrastructure of
cells and tissues in biology. Leica CLEM technology combines light and electron
microscope sample preparation modes, enabling functional research to be located in
the biological structure, discovering rapid and rare events in cell activities, and
providing a powerful tool for life science research. This report will introduce the latest
progress of Leica in the field of room temperature and cryogenics, bringing new

power to scientific research.
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Solvatochromic biosensor reveals conformational changes of single
molecules in living cells
Bei Liu'2"# Nicholas K. Pinkin>*", Frederico M. Pimenta?, Shigiong Hu?, Saygin Gulec?, Timothy C. Elston>*",

Klaus M. Hahn>*#

!National Biomedical Imaging Center, Peking University School of Future Technology, Beijing, 100871, China
’Department of Pharmacology, University of North Carolina at Chapel Hill School of Medicine, Chapel Hill,
North Carolina, USA.
3Current Address: Phitonex, Inc. Durham, NC 27701
*Curriculum in Bioinformatics and Computational Biology, University of North Carolina at Chapel Hill, Chapel
Hill, NC 27599, USA
SComputational Medicine Program, University of North Carolina at Chapel Hill, Chapel Hill, NC 27599, USA

“These authors, listed alphabetically, contributed equally to this work

#Address correspondence to BL (beiliu@email. unc.edu, tele: 18581913856) and KMH (khahn@med.unc.edu)

Revealing the activity or conformation while following the diffusion of individual
proteins inside living cells is challenging, demanding biosensors that are sensitive,
easy to deploy, and versatile. GTPases are switch-like enzymes that interact with
downstream effectors only when they are in their GTP-bound conformation. We have
developed biosensors for GTPase activity based on environment-sensing fluorescent
dyes, purposefully using dyes that undergo spectral changes suitable for ratiometric
imaging in living cells. For simple construction of biosensors within cells, we used
membrane-permeable dyes that attach to the SNAP-tag incorporated in the biosensors.
The SNAP/dye was positioned in a linker between the GTPase and a peptide that
binds specifically to the active conformation of the GTPase. Through optimization,
both Cdc42 and Racl biosensors showed a 25 nm shift in emission upon activation,
along with a significant fluorescence lifetime increase.

Use of a single dye enabled ratiometric imaging without the need for bleach
correction, greatly facilitating quantitative imaging. The biosensors (named SNAPsn
Cdc42/Racl) were sensitive because they were directly excited (in contrast to the
indirect excitation of FRET). Single-molecule spectrum imaging and ratiometric
imaging allow us to follow the spectra shift of individual molecules. Finally, we
quantitatively mapped single Cdc42 molecule recruitment and activity across the cell,
particularly around cell edge. We also studied the mechanism of nanoscale Cdc42
clusters in regulating its activity and determined the activation kinetics of Cdc42 at
single molecule levels. Interestingly, we revealed the ultra-fast activity twinkling
phenomenon of membrane-associated Cdc42, suggesting new insights into GTPases

cycling.
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KSHV and dilated Cardiomyopathy

Daowen Wang
Huazhong University of Science and Technology, China
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Large-scale genomic data analyses reveal novel loci associated with
phenotypic variation and genetic disease in humans
Shaohua Fan
Fudan University, China
shaohua_fan@fudan.edu.cn
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