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Mechanics and Statistics of Bacterial Locomotion
ST
RICEWE R E R A, Bl Ry
Email: hepeng_zhang@sjtu.edu.cn
Abstract: The first part of the talk focuses on the mechanical principle that a single bacterium uses to propel
itself. We show that though widely-accepted resistive-force theory qualitatively describes the underlying
principle of zero Reynolds number propulsion, it fails quantitatively in the biologically relevant regime due to
the negligence of hydrodynamic interactions. In the second part, | will discuss a range of emerging
phenomena observed in experimental systems consisting of many bacteria. These phenomena originate from
interactions between self-propelled organisms; they include anomalous density fluctuation, scale-invariant

correlation, turbulence-like flow pattern, and hydrodynamic clusters.



Coordination of multiple outputs in bacterial chemotaxis
Junhua Yuan

Department of Physics, University of Science and Technology of China, Hefei, Anhui, China, 230026

Email: jhyuan@ustc.edu.cn

Abstract: Cells of Escherichia coli are propelled by several helical flagellar filaments, each driven at its base
by a reversible rotary motor. When all the motors on a cell turn counterclockwise (CCW), the filaments
coalesce into a helical bundle that pushes the cell steadily forward (in a run). When one or more motors switch
to clockwise (CW), their filaments come out of the bundle and go through a series of polymorphic
transformations (changes in handedness and shape) that result in uncoordinated movement (a tumble) and
choice of a new direction for another run [1]. Tumbles are suppressed when cells move up spatial gradients of
chemical attractants. Thus, by controlling the direction of rotation of their flagellar motors, cells are able to
move toward regions that are more favorable. The central point of regulation in the chemotaxis signaling
network is the level of phosphorylation of the diffusible signaling protein CheY (called CheY-P) [2]. CheY-P
binds to the motor and controls the motor rotational direction.

In the bacterial chemotaxis signaling network, receptor clusters process input, and flagellar motors
generate output [3]. Coordination of these multiple outputs on a cell can be induced by two possible
mechanisms: one being the stochastic fluctuation of the intracellular level of the chemotaxis signaling protein
CheY-P, the other being extracellular mechanical coupling among bundled flagella.

The motor coordination due to intracellular [CheY-P] (CheY-P concentration) fluctuation has been
explored experimentally, by measuring correlation between two motors on a cell with truncated flagellar
filaments (thus no coordination due to mechanical coupling among bundled flagella), but the results and the
possible mechanisms were still controversial [4 - 6]. The behavioral consequence of this coordination has
never been studied experimentally, though there is one theoretical study of the benefits of this coordination
due to [CheY-P] fluctuation [7]. The magnitude of motor coordination due to mechanical coupling among
bundled flagella has not been studied, neither experimentally nor theoretically.

In the current study, we utilize E. coli strains exhibiting different magnitudes of [CheY-P] fluctuation. We
measured their motor behavior by single-motor assays and swimming behavior by 3-d tracking. We
experimentally study the behavioral consequence of flagella coordination, and also dissect the relative

contributions of these two mechanisms of flagella coordination by correlating motor and swimming behaviors.



Key Words: Bacterial motility, molecular motor, 3-d tracking, bacterial chemotaxis
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Synchronization in growing heterogeneous media
Wei Chen, C. K. Chan

Fudan University, Shanghai
Abstract :We report results of experiments designed to study the synchronization of a growing heterogeneous
system using the dissociated cardiac cultures that consist of both cardiac myocytes(CM) and fibroblast(FB).
We find that there will be aggregation of myocytes to form clusters immediately after plating, followed by a
synchronized beatings of cells within the clusters. However, the beatings between the clusters are not
correlated in early time but get synchronized only as the cultures mature. The method of principle component
analysis is used to analyze the synchronization process. We find that the synchronization of the clusters can be
understood by the Kuramoto model of synchronization of coupled oscillators if the coupling constant (K)of
the system is considered as a function of time. The experimental results have shown that the value of K is
controlled by the growth of the FB. Furthermore, our experimental findings suggest that the overall wave
dynamics of the system is controlled by the passive FB in the system.

It is clear that two synchronizations occur during the growth of the cardiac cultures: one for the cells
within a cluster which is then followed by synchronization of the cells of the various clusters. These processes
would take place only in a heterogeneous system. Since the myocytes in our experiments are thought to be
excitable only, it is still not clear whether the myocytes within the clusters are excitable or oscillatory because
it is known that the coupling of the passive elements with the active (excitable/oscillatory) elements of the
heterogeneous system can lead to a change in the intrinsic dynamics of active elements in the system. Perhaps,
this is the origin of the nonmonotonic time dependence of the measured mean frequency, QO0, found in our
experiments. Finally, although it is known that the coupling between FB and CM is through gap junctions, it is
puzzling that the FB is growing exponentially, whereas the coupling strength between the clusters is only
increasing linearly. Presumably, some other mechanisms must also be involved for the synchronization

observed.

Key Words: Cardiac dynamics, Synchronization, coupled oscillators
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Microfluidics-based Platform for Probing the Soft Matters in Limited Space
Jianhua Qin
Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian, 116023, China

Email: jhgin@dicp.ac.cn
Abstract: The actual system of soft matters, such as liquid in microfluidic format, biological existence and
bio-interface exhibit a variety of characteristics with multidimensional scale, different morphology and
complicated behavior. The complex system requires a suitable platform to study the soft matter with enhanced
performance, especially, for the soft matters in biological system and limited space. Microfluidics is the kind
of technology which enables to control the small amount of liquid in microchannel at micro-scale, providing a
promising platform for the study of soft matters at multiple scales.

This talk will present the various microfluidic platforms established in the author’s lab that can be
applied for the researches of soft matters in different ways. The various two-phase droplet behaviors within
micro-channels relying on microfluidic control will be described, such as the droplet formation, mixing and
micro-valve based accurate handling. In addition, microfluidic based design and controllable synthesis of a
variety of soft matters such as colloidal particles and assembly will be presented. The potentials of this

technology for the exploration of behaviors of bio-related soft matters, such as cells and organisms in



biological system and future opportunities will be discussed as well.

Key Words: Soft matter, microfluidics, colloid particles, life system,
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Abstract: Single-molecule fluorescent spectroscopy can provide unique perspectives which complement
conventional bulk biochemical approaches. We use single-molecule techniques to illuminate the details of the
working mechanism of signaling proteins at different stages of a signalling transduction. Light-sensitive
protein cryptochrome plays many different rolls in eukaryotic cells. It is a kind of signalling proteins that is
known to retrain circadian clock and involves in the magnetic sensing capabilities of animals. Using SmFRET
(single-molecule Foster-type resonance energy transfer), we reveal how blue light would initiate in a
conformational change in an algae cryptochrome under different redox states and this conformational change
is believed to be functionally important. While conformational changes are usually speculated as the cause of
activation of signalling function in various receptor proteins, SmMFRET can afford direct evidence to these
hypotheses.

To illuminate the transmission of signals inside cells, we studied the signaling pathway of a plant
hormone, Brassinosteroids (BRs). BRs are the plant hormones that involved in numerous plant development
processes such as leaf expansion, shoot elongation and pollen tube formation. Once the signal transduction is
initiated by the membrane receptor kinase, the downstream signaling pathway is realized by three proteins:
BIN2 (brassinosteroid insensitive 2), BES1 (BRI1 ems suppressorl) and a kind of 14-3-3s protein. BRs
signaling pathway have been extensively studied via genetics, proteomics, genomics and cell biology
techniques. However, these bulk methods can’t follow the transduction process in situ or resolve molecular
details at a rate matching the true signaling time-scale. Here we use a single molecular assay based on
Total-Internally Reflected Fluorescence (TIRF) microscopy to observe the interaction of these three proteins.
The result shows that BIN2 can phosphorylate BES1 on the order of seconds, and the dimeric 14-3-3s can
only bind with BESL in its phosphorylated form. In addition, we have, for the first time, found that the
interaction between BIN2 and BESL1 is oxygen dependent. This result may have implications on BRs signaling

pathway’s involvement of stress acclimation in plants.
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Homophilic Interaction and Deformation of E-cadherin and Cadherin 7 Probed by Single Molecule
Force Spectroscopy
Ruchuan Liu
College of Physics, Chongging University, No.55 Daxuecheng South Rd., Shapingba, Chongging, China,
401331

Abstract: Selective and robust cell-cell adhesion plays a key role in maintaining tissue structural integrity and
specific architecture in multicellular organisms. In most tissues, cell-cell adhesion is dominated by a class of
transmembrane proteins named cadherins. Dysregulation of cadherin function correlates with tumor cell
invasion and distant dissemination. The cadherin superfamily comprises distinct families and subfamilies; one
of these is the classical cadherins. E-cadherin, the prototypic member of classical type | cadherins, is an
essential component of epithelial adherens junctions and contributes to a fully polarized state in the cell
through the formation of a circumferential actin belt. In contrast, classical type Il cadherins, such as cadherin
7, show significantly weaker adhesion and are mainly expressed in mesenchymal tissues. Type | and type Il
cadherins demonstrate similar domain organization: a cytoplasmic region, a transmembrane region, and an
extracellular region. The extracellular segments of type | and type Il cadherins share a similar 3D structure
that comprises five tandem repeats, called extracellular cadherin (EC) domains. Each EC domain consists of
about 110 amino acids forming seven B-strands that are organized into two B-sheets. Crystallographic data
suggest the formation of X-dimers and strand-swapping dimers by the homophilic interaction of classical type
I cadherins in vitro, while type 1l cadherins are also found to form similar strand-swap dimers.

However, mechanisms controlling cadherin recognition and adhesive strengthening are only partially
understood so far. Here, we used atomic force microscopy (AFM) and magnetic tweezers to direct compare

the extracellular (EC) domains of E-cadherin (type 1) with that of cadherin 7 (type I1) at the molecular level by

9



investigating the homophilic interactions and mechanical stability. We found that even in the absence of the
cytoplasmic region, E-cadherin displays a stronger unbinding force than cadherin 7. External forces applied
by the AFM cantilever were also found to strengthen the E-cadherin interactions rather than the cadherin 7
interactions. In addition, the results from the unfolding experiments suggest that the stability of cadherin EC
domains are not enough to ensure their integrity prior to the rupture of their homophilic interaction, and thus
the chance of partial unfolding/deformation of these EC domains is not negligible. Furthermore, magnetic
tweezers experiments demonstrated that partial unfolding of EC domains can take place at a force close to that
borne by the cytoskeleton in vivo. Based on these findings, we proposed an additional strengthening
mechanism of cadherin-mediated adhesion, which can explain the transformation of X-dimers into
strand-swapping dimers, as well as the distinct adhesive properties between type | and type Il cadherins. This
is the first attempt from such a perspective to ascertain the mechanisms of cadherin-mediated adhesion. This

mechanism may work in vivo together with other observed mechanisms.

Key Words: force spectroscopy, cell adhesion, cadherin, atomic force microscopy, magnetic tweezers
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Fluctuation and fidelity control in T7 RNA polymerase transcription elongation
JinYu
Beijing Computational Science Research Center, No.3 Heqing Road, Haidian District, Beijing
A EREAF TG, LRI X S % =5, 100084
Email: jinyu@csrc.ac.cn

Abstract: Polymerases are essential enzymes responsible for gene replication or transcription. A polymerase
moves along DNA or RNA while synthesizing a new strand of nucleic acid, largely according to
Watson-Crick base pairing with a template strand. A polymerase not only catalyzes the polymerization
reaction but it also increases the fidelity. We first examined kinetically the stepwise selections in an
elongation cycle of the polymerase, with a controlled differentiation free energy between the right and wrong
nucleotide at each selection checkpoint. It is found that early selection is essential to achieve an efficient
fidelity control, and an initial screening is indispensible for maintaining the speed high. Overall, the
elongation error rate can be repeatedly reduced through multiple selection checkpoints [1]. Our previous
kinetic modeling work on T7 RNA polymerase (RNAP) suggested that a small post-translocation free energy
bias stabilizes Tyr639 in the active site to aid nucleotide selection [2], based on single molecule experiments.
The free energy bias slightly modulates Brownian ratcheting of T7 RNAP, in which nucleotide insertion
serves as a pawl to prevent backward translocation. Recently, we performed atomistic molecular dynamics
(MD) simulations that demonstrate that Tyr639 is stabilized marginally by associating with the end base pair
of the DNA-RNA hybrid at post-translocation. Pre-insertion of a right RNA nucleotide for base pairing with
the template does not enhance the Tyr639 stabilization. Pre-insertion of a wrong nucleotide, however,
substantially stabilizes Tyr639 further in the active site. In particular, a DNA nucleotide strongly enhances
Tyr639 stacking with the end base pair, while a base mismatched nucleotide tightly grabs on Tyr639. Since
full insertion of the nucleotide requires Tyr639 to move out of the active site, the residue plays a critical role
in selectively gating the right nucleotide and thus ratcheting the polymerase for elongation [3]. Furthermore,
we find that the strong stabilization of this residue in the active site is disrupted in the mutation of Tyr639 into
Phe639 upon a DNA nucleotide pre-insertion. The finding explains the reduced differentiation between ribo-
and deoxyribonucleotides that has been recorded experimentally for the mutant polymerase.

Keywords: polymerase, fidelity control, kinetic modeling, molecular dynamics simulation, Brownian ratchet
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Modeling Mechanical Properties of DNA: Allosteric Protein Binding, Loop Formation,
and Longitudinal Fluctuations
Xinliang Xu
Complex System Division
Beijing Computational Science Research Center
Abstract: The deformability of DNA has great impacts on its overall shape as well as on many biological
functions, such as protein-DNA binding, chromosomal DNA packaging, DNA damage repair, and regulation of
gene expression. Here we present our recently developed coarse grained mechanical model of DNA that studies
the local deformations of DNA from its canonical structure. In collaboration with recent experimental studies,
the correlation between local deformations is unveiled and identified as the underlying mechanism for the
observed allosteric protein binding. This newly discovered correlation improves our understanding of the
flexibility of DNA and suggests modification of the traditional description of DNA as an elastic rod, which is
valid only for long DNA chains and has been challenged by recent experimental studies at shorter length scales.
With explicit consideration of the length scale over which local deformations are correlated, our improved
model predicts a length dependent flexibility. While our model reduces to the traditional worm-like chain model
in the long chain limit, it predicts that DNA becomes much more flexible at shorter sizes that are of biological
importance, in good agreement with recent loop formation measurements of short DNA fragments around 100

base pairs.
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Atomistic simulations of peptide aggregation and nanoparticle inhibition
Guanghong Wei
Department of Physics, Fudan University
Abstract The pathogenesis of neurodegenerative diseases such as Alzheimer’s disease (AD) and type Il
diabetes is associated with the abnormal self-assembly of the related peptide into toxic 3-sheet-rich aggregates.
The inhibition of B-sheet formation has been considered as the primary therapeutic strategy for
neurodegenerative diseases. In spite of extensive experimental studies, the atomistic structures of amyloid
oligomers and the aggregation mechanism remains elusive. In this talk, I will present our molecular dynamics
simulation results on the aggregation of different fragments from Alzheimer’s amyloid-f peptide (A[]), human
islet amyloid polypeptide and tau proteins. The effect of nanoparticles on peptide aggregation is also discussed.
The results can not only enhance our understanding of the molecular mechanism of peptide aggregation, but

also will provide novel insights into the development of drug candidates against amyloidosis.

Key Words: amyloid fibril, oligomer, B-sheet formation, free energy landscape, inhibition mechanism,

hydrophobic/aromatic-stacking interaction, replica-exchange molecular dynamics simulations.
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The neural circuit and synaptic dynamics underlying perceptual decision-making
Feng Liu
School of Physics, Nanjing University, Nanjing, 21003

Abstract: Decision-making with several choice options is central to cognition. To elucidate the neural
mechanisms of multiple-choice motion discrimination, we built a continuous recurrent network model to
represent a local circuit in the lateral intraparietal area (LIP), which is considered to be a neural correlate of
perceptual decision-making. The model is composed of 2048 pyramidal cells and 512 interneurons. Both
types of neurons are directionally tuned, and their preferred directions separately cover a full circle uniformly.
All neurons are reciprocally connected. The synaptic connectivity strength depends on the difference in
preferred directions between neural pairs except the interneuron-to-interneuron connectivity is uniform. This
is in sharp contrast to homogeneous connectivity between pyramidal cells and interneurons in previous
models. Specifically, we assume two types of inhibitory connectivity: opposite-feature and similar-feature
inhibition, representing that the connectivity strength has a maximum between neural pairs with opposite and
identical preferred directions, respectively.

We followed the experimental protocol and characterized the spatiotemporal firing pattern of the network
on a multiple-choice motion-discrimination task. With a common parameter set, the model accounted for a
wide variety of physiological and behavioral data from monkey experiments, including those that previous
models failed to reproduce. The main results are as follows. (1) The network is endowed with slow
excitatory reverberation, which subserves the buildup and maintenance of persistent neural activity, and
predominant feedback inhibition, which underlies the winner-take-all competition and attractor dynamics. (2)
The opposite-feature and opposite-feature inhibition have different effects on decision-making. The former
endows the decision-making circuit with an elimination strategy, which effectively reduces the number of
choice alternatives for inspection to speed up the decision process at the cost of decision accuracy. Conversely,
the latter markedly enhances the ability of the network to make a choice among multiple options and improves
the accuracy of decisions, while slowing down the decision process. A simplified mean-field model was also
presented to analytically characterize the effect of structured inhibition on fine discrimination. (3) We made a
testable prediction: only the combination of cross-feature and similar-feature inhibition enables the circuit to
make a categorical choice among 12 alternatives. Together, the current work highlights the importance of
structured synaptic inhibition in multiple-choice decision-making processes and sheds light on the neural

mechanisms for visual motion perception.
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Optimal microdomain crosstalk between endoplasmic reticulum and mitochondria for
Ca2+ signaling
Jianwei Shuai,
Department of Physics,Xiamen University
Abstract: the calcium ion (Ca*) is a ubiquitous intracellular signal controlling diverse cellular functions. It
has been widely accepted that the inositol 1,4,5-trisphosphate receptors (IPsR) function as Ca®* release
channels on the endoplasmic reticulum (ER) membrane. Since the 1990s, the manner in which mitochondrial
Ca?" uptake through mitochondrial Ca?* uniporter (MCU) shapes intracellular Ca?* signaling has attracted
much attention. The key questions presently debated are: to what extent mitochondria acquire Ca®*; what
impact mitochondria have on cytosolic Ca** signals; and what dimensions the ER/mitochondria Ca®*
microdomain might have. To address these questions, we constructed a Ca** signaling model to consider the
Ca®" crosstalk within microdomains between IPsRs and MCU. Our model predicts that there is a critical
IPsR-MCU distance at which 50% of the ER-released Ca®* is taken up by mitochondria and that mitochondria
modulate Ca?* signals differently when outside of this critical distance. The model demonstrates the existence
of an optimal IPsR-MCU distance (30-85 nm) for effective Ca®" transfer and the successful generation of
Ca?*-signals in healthy cells. This study highlights the importance of the IPsR-MCU distance on Ca?*

signaling dynamics.

20



WIAEA titin MAEREQEHEBAEZN A TR PFESHTI B8/ EZTBEER
B R
BTRSEE 2R, AR R B W R 422 %5, 361005
Email: chenhu@xmu.edu.cn

WE: JINEA titin 72500 T RS/ 247 S HAL BRSNS E MDY REETE, titin 4451
BRNSLL CRER R TR E) B 2 i 5E . BN BARIRES A L SRS Z RIEE IR = 1 RE 22,
KA T EEEIE 100 pN R A Rl A HCAE A TR B B T FURSE P SE R 22T B AR o TTIAE I )
T, WEFSEEMEF B REFMEFERHAENT, EEFRENBNFTSHERAIEFE KR, TIEE
JE7 713 5 A0 P 2 VPR N ) RORE P e el B o A4S R D DR 0 S A e L T s g P4
YT E A AR S

AT B G J A5 € ROREBE B 7 T BV, X 8 A titin 127 HE 43 G5 My B B B S b AT 1
D&, R AN R EAETE E 0 T AR T A E R FRA15 2 1 ARSI PS4 & 8 hise,
BisE 1 titin 127 (4 &/ B Im S 008 5.2 B4, RN BB 245 3 1 H MO & B T Bl
FRATR B0 AR BRI AE L AT DA P SRAIT T S 2 AN RIR Y I s A B &/ L4 &2, B Hi el

I, TR IS

B titin, 127, TS, EMS, WIS

21



BRI TORL Hh 2R A2 H 45 & 3R 0 R IS e
ViV
BT X HRER K 220 55 BRI R IR dr kAR A o, 200433
Email:ghzuo@fudan.edu.cn
FE: (P — LR, GORMEHER . FEREE AN, FRETT DL SR
BORSE R EE A PR SIS B A T Z N T 5. SRR, X SR AR AR B () 2 41k i)
B, LARENSEMRGRAREAEFEEIER T2 M. AU 53 70 07 A R R S5
1555 B AR AN K URLAH BLAE P B0 AR . ANTIAE 20 B RO SR S K ROk o v] BEAFAE AR LB . 3R
MZETHIwE TR C R, BRI BE LA F R NS E B A&, WImsemE B ohee. mHAEE
15 S RGN AURL (AR B 45 S I R, 2R B i BB K RSk 5 B GNAKORE A A ELAE A, BSOS
TR EE S RN ORI R T B 75 Je IR Z A o HERRAH ELAE R 1 A 5Tk solm ATt — 20 i F 23
TENIFREAURE A T ERBE S B A RPUKRE 5 S0 = AN R B 9K UL 2 18] ) AH LA F A
IR HERUM LA P HOAH ELAE RO, (B BN OK TIOR8 T 1Y) Hi 22 BERE M Sk Ak 5 B g K ROk AR ELA R
PR, FI A 0 65 0 52 e e 55 X AR ELAE F 0 BOFESS &t B0 otk 15 /K AH ELAE FHAE il 2255
KHVBRINAE 5 8 B B AR e R 250k, 10 o HERUR LA R AE il 250N i 280 vh /E 32 ok

KEEE: EARMER. WAL, n HEBMEAER . B AR, 3

e PEN

1. GH. Zuo, X. Zhou, Q. Huang, H.P. Fang, and R.H. Zhou, Adsorption of villin headpiece onto graphene,
carbon nanotube, and C60: Effect of contacting surface curvatures on binding affinity. J. Phys. Chem. C
115 23323-23328 (2011)

2. GH. Zuo, S.G Kang, P. Xiu, Y.L. Zhao, and R.H. Zhou, Interactions between proteins and carbon

nanotubes: exploring origin of nanotoxicology at molecular level. Small, 9, 2013 1546-1556

22


mailto:ghzuo@fudan.edu.cn

RGN T 4 X R B i IR AR I ) TSR R B S
BlE, G, FSLF
HERA S TRER R TH U, b5, 100084

Email: Ityan@mail.tsinghua.edu.cn
FEE WS AT AR IS5 K B D) B N AL 25 40 0 F iz 10 80 7 7 BR A SONLBES T B B S 4 1k
T AT 1) 37 2 v RO ) 245 Wi 1k ZoRk i AT B S PR AN S Lo SRTT, LT A0 B8 T RUBE AN
AR IR B[] FRURE AR AE A8 1 S A I FUOR A Rk ) @ o T SREAT LS AU R 35 T st T R B AR 73 A 7
VAT RO ZBAZ I R A R A o BEXT LR, AR URAEALR A ROBERAD AN IR 7 W AH 25 5 KTV
TEJE 5 B DR 537 R 2 A7 BRI oK 5 400 L (1 T S USSR R o0 &) A S B4R
A AR SRATIAE A s b S AT A i 40 B A 9 80 g 2 B A SOV BR 77 T ) — e B IOV 78 A%
A E R A LS B I PR B AR RO TR A7, A7 SRR R RV R B LA RS2 A (1 25 R 3
fRINE . @I iE Y R THEHUEAN, RATH87R 7 S Am Ak B 5 A N ) 2 R oReR 2, il
SRR, RS, R S5 LB AR S 0 S R B R A 4 s RTINS £ B T
PR Canham—Helfrich FRISXSiZI R b Y REE AR HEAT T PEANTHSEL AN IR 20 0T, [ ] T SR LS AN [ Y
RS RS ML) B8 418 Bl ) A R AR O AE R E A R o B, 5 R G R THSEHUBUAT B 18 734,
FATHE— DR T B AR B FON T SR T AEGK S RIS RO RE I, R T S BEUET R I R
XL T AR T80 7 A0 SR 55 I LE QR AT RIE AL I M B, SR 1T B N AR R A S T, DAKAE
YK R A AU IR B BAT U S R

a4 by (nm)
c1 dy
!ll 7.01 )
c2 d J =
b s 0 eo—e—
ST S L LR B e o
T T T
PG aGO sGO dGOo
[ . 0.16 _ _
50 8.0 7.0 () Hemisphere vesicle structure
Graphene-attached structure

Eglax

a b — :
c d I
0.00 T T T
0.0 0.2 0.4 0.6 0.8
fue

B 1. F 7 B AR A 5 2R
23




KB TYEURRIT, EBNIE, 7 SRIE, SisekA, BEe M, THEHLELLL

22630k

1. LiuZY, Guo RH, Huang ZH, Yan LT". Nano Lett, 2014 (Revised).
2. MaoJ, Guo R, Yan LT . Biomaterials 2014, 35, 60609.

3. GuoR, MaoJ,Yan LT". ACS Nano 2013, 7, 10646.

4. GuoR, Mao J,Yan LT". Biomaterials 2013, 34, 4296.

5. Yan LT, Yu X. ACS Nano 2009, 3, 2171.

24



BT SR
RSB
UK, B SRR, L 430072

Email: wbzhang@whu.edu.cn
W E: BT mRNA ERENE S B A Qs -y ReiASh & B 5 30 58 5% 148 A2 A0 T 51 S A
ZAA T 2 H 2L R R IE B RNA S5Kgeft [1-2) o 1e4 CAEgn, W, EYsimh ki’
LM R, — AL T 2R R AR X B 5 s N & 7 X, BE @ gL R Rk
B0 (3 o MOHEIT IR L EA RIS PR SRR AT 45 AR IZ 8RR T8, BRILZAh, RDT
FRIEF] LAEE mRNA FI8ITISE AR (4] o RO SRS AL RER RS TIA, 41 RNA
P&, Fespddfh, WILs &, SRR, AL E LKL mRNA IS, i T skl B il R U1 30
SURRTCER T, FEZHEIT R 22 KRS B BAR AT I E AR ARG M. FATESL RNA 450 0
EN15ET5 %, RERCEN AL BEAC BRI R (3t B A AL Skl 2 A (6-8) o RAMITIRIRAIWT T T 45 &
adenine (A), S-adenosylmethionine (SAM), flavin mononucleotide (FMN) =% W RT3, 25 T4
AFEFMT s, Bs, BAKRE KFFIBITN. FRER addA M yit) HETT ] DIAER
SR 2 JEARIR IR B RIE BT RS . AR, 0T T3 7124 FMN Hil pouE &ZZ85FF 56, H
U DR R R AR T S i R s PR S AR 3 A ) 45 m] DA RO i R 5 RNA (45 &
Xt REVIDIRER) SE B o IXEEEE IR T ARZREIT R I AN RSN, D CURSERIDIRERE T, AEVME IR
FH BB B 2 R v SR AL R At
REEW: IR, Hexdhd

S 3R

1. Serganov, A. and E. Nudler, A decade of riboswitches. Cell, 2013. 152(1-2), 17-24.

2. Wickiser, J.K., Cheah, M.T., Breaker, R.R. & Crothers, D.M. The Kinetics of Ligand Binding by an
Adenine-Sensing Riboswitch. Biochemistry,2005,44,13404-13414

3. Breaker, R.R. Prospects for riboswitch discovery and analysis. Molecular cell, 2011,43, 867-79
Winkler, W.C. and R.R. Breaker, Genetic control by metabolite-binding riboswitches. Chembiochem,
2003. 4(10), 1024-1032

5. Zhao, P., Zhang, W.B. and Chen, S.J. Predicting secondary structural folding kinetics for nucleic acids.
Biophys. J., 2010, 98,1617-1625.

6. Zhao, P., Zhang, W.B and Chen, S.-J. Cotranscriptional folding kinetics of ribonucleic acid secondary
structures. J. Chem. Phys., 2011,135, 245101.

7. Chen, J, Gong, S., Wang Y., Zhang, W.B. Kinetic partitioning mechanism of HDV ribozyme folding. J
Chem Phys, 2014,140(2),025102

25


mailto:wbzhang@whu.edu.cn

Single polymer compact reveals the dissociation force of catechole-Fe3+ complex
Li Yiran, Cao yi, Wang Wei
Department of physics, Nanjing University, 22 Han kou road, Nanjing, Jiang Su PR China
Abstract: Growing evidence has proved that metal-ligand coordination plays an important role in the life
process of marine creatures. Coordination between Fe3+ and catechol ligands, which was first investigated in
mussel byssal threads, has recently correlated to the adhesive and cohesive ability of most marine creatures.
Pioneer work has revealed that the stoichiometry of catechol-Fe3+ complex (mono-, bis- and tris-) is triggered
by pH during the deprotonating process of catechol hydroxyls, thereby further affect the performance of the
hardness and extensibility of the cuticle of marine creatures and is proposed to endow self-healing properties.
However, the strength of catechol-Fe3+ bond and the Fe3+ concentration impact, another two crucial factors
of catechol-Fe3+ ligand, has still been unknown. To figure out the strength of catechol-Fe3+ ligand, we used
hyaluronic acid (HA) modified with DOPA mixing with FeClI3 solution to form HA-DOPA-Fe3+ assembly via
catechol-Fe3+ bond. By changing the concentration of Fe3+, we can make clear that the influence of the
amount of Fe3+. Thanks to single assembly force microscopy based on atomic force microscope method, we
found that the strength of bis-catechol-Fe3+ ligand is around 200 pN, and the tris-catechol-Fe3+ ligand is
around 110 pN. We also revealed that the Fe3+ concentration could modulate the mono-, bis- and tris-complex,
which were confirmed by UV-Vis spectra and Raman spectra. To provide molecule-level insights into the
metal-coordination bond cleavage process, a first-principles study of mechanical response of bis- and tris-
catechol-Fe3+ complexes is implemented in this work. Fig. f (a) shows the optimized ground state geometries
for bis- and tris- catechol-Fe3+complexes. The bis-complex is shown to prefer a planar square structure while
the tris-complex intends to occupy a non-planar octahedron configuration. We verified that the characteristics
of these calculated structures and their electronic absorptions are in close agreements with experimental
findings. Our findings gave abundant information on the chemical nature of catechol-Fe3+ ligand and provide

useful guidance for designing new generation biomaterials.

Key Words:  Mussel foot protein, DOPA, AFM, single micelle force spectroscopy
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Mapping Intracellular Diffusion Distribution Using Single Quantum Dot Tracking
%
Abstract: The crowded intracellular environment influences the diffusion-mediated cellular processes, such
as metabolism, signaling and transport. The hindered diffusion of macromolecules in heterogeneous
cytoplasm have been studied over years, but the detailed diffusion distribution and its origin still remain not
very clear. Here, we introduce a novel method to map rapidly the diffusion distribution in single cells based on
single-particle tracking (SPT) of quantum dots (QDs). The diffusion map reveals the heterogeneous
intracellular environment and, more importantly, an unreported compartmentalization of QD diffusions in
cytoplasm. Simultaneous observations of QD motion and GFP-tagged endoplasmic reticulum (ER) dynamics
provide direct evidence that the compartmentalization results from micron-scale domains defined by ER
tubules, and ER cisternae form perinuclear areas that restrict QDs to enter. These results shed new light on the
diffusive movements of macromolecules in the cell, and the mapping of intracellular diffusion distribution

may be used to develop strategies for nanoparticle-based drug deliveries and therapeutics.
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Abstract: Kinesin family plays some important roles within a cell society. We used optical tweezers to
investigate Kinesins include Kinesin-1(K560) and Kinesin-7(CENPE). Based on a DIC microscope, the optical
trap have a non-symmetrical stiffness distribution. Through coordinate rotation of detected signals, we can
measure movements dependent on external force for motor protein moving along microtubule with arbitrary
orientation. The measurements of K560 were in accord with reported results in single molecule chareristics.
However, CENPE moved along microtubule slowly. Under inhibition of SUK4, its movements appeared stuck
state. Occasionally, the stuck situation can be broken, then, the protein moved on. When increasing the
molecule binding concentration, two or more molecules of CENPE moved slower than single molecule.
Meanwhile, the elasticity of CENPE had been measured by detecting velocity of trapped beads relative to
fixed beads when piezo-stage moving. The single molecule chareristics of CENPE are vital to chromosomes

moving to metaphase plate and subsequent oscilllation.
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Nuclear Science and Technology, Beijing Normal University, Beijing 100875, China

2College of Communication and Electronics, Jiangxi Science & Technology Normal University, Nanchang 330013,
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Abstract: All kinds of radiations, including cosmic (space) radiation, nuclear radiation, par-ticle radiation, and
ionizing radiation induced the damage of biomacromolecule such as mutagenesis, protein denaturation,
carcinogenesis, cell aging and even lethality of life. The basis of the biological effects brought by radiations is the
DNA damage, which is closely related to free radicals, especially reactive oxygen species (ROS) free radicals. In
order to better understand the damage of DNA induced by radiations, density functional theory (DFT) and the
second order Mgller Plesset perturbation theory (MP2) are used to study the reactivity of DNA bases (pairs) in the
presentence of ROS radicals. The aims of this investigation are to discovery the mechanisms of the reactions
be-tween ROS radicals and DNA bases (pairs), and to find a reasonable way for probingthe interactions of ROS
radicals with DNA in solvents. These results suggest that G and T have higher reactivity towards the reaction with
-OH than A and C, i. e., hydroxyl radicals is most likely to attack T and G bases. In addition, the solvent effects does
not favor the reactions between ‘OH and T in implicit solvation model (ISM), even in polar solvents. When using
explicit solvation model (ESM), the dehydrogenated reactions are interfered by the formation of hydrogen bonds.
By comparing the reactions between the three ROS free radicals and thymine, i.e., ‘OH, perhydroxyl radicals
(OOH) and superoxide anion radicals (O2--), ‘OH is proposed to be the most destructive species toward the DNA
damage.

Key Words: Hydroxyl radicals, DNA damage, DFT
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3-D printing based stent positioning study for PCI prognosis
Liyu Liu
Institute of Physics, Chinese Academy of Sciences, P. O. Box 603, 100190

Abstract: Percutaneous coronary intervention (PCI) is a widely used and effective treatment for stenotic coronary
arteries in coronary heart disease. In PCI, a stent is guided at the bifurcation blockage position, inflated to open the
artery and allow blood to flow. However in surgery the physicians are uncertain about optimized stent position in
complex geometric coronary landscapes and arbitrary positioning would arouse higher risk for restenosis due to the
change of localized flow distribution. In collaboration with Anzhen Hospital, our group designed and constructed a
microchip-based in vitro PCI model to study the optimization of the stent position. My talk will present our efforts
on introducing the clinic example, constructing the corresponding model with the high resolution 3-D printer,
implantation real stent inside the models (in vitro surgery) and analysis for the optimized surgery plan. This work
indicates that 3-D printing technology combined Lab-on-Chip idea would have great potentials in medical research
and clinic applications.

Key Words: 3-D Printing coronary stent, microfluidics
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Role of Serum Proteins in the Initial Attachment of Mammalian Cell
Qiaoling Huang®", Changjian Lin°, Martin Antensteiner®, Erwin A. Vogler®”
®Research Institute for Biomimetics and Soft Matter, Department of Physics, School of Physics and
Mechanical & Electrical Engineering, Xiamen University, Xiamen 361005, China
®State Key Laboratory for Physical Chemistry of Solid Surfaces, and Department of Chemistry, College of
Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China
‘Department of Materials Science and Engineering, The Pennsylvania State University, University Park, PA
16802, USA
Email:* Corresponding author’s e-mail address: eav3@psu.edu, glhuang@xmu.edu.cn
Abstract: Cell adhesion mechanism has been widely explored in the past several decades, however, it is still a
mystery as no consensus been reached. The widely accepted biological view suggests that adsorbed proteins
on surface mediate cell adhesion. However, The biological theory is untenable at some point as cells could
attach without the presence of proteins. We propose that the biologically driven, (ligand-mediated, LM)
cell-adhesion process occurs in the ubiquitous context of colloid and interfacial forces (physical interaction
forces, PF) that are subsumed into an overall work of adhesion (Wqqp) equal to the sum of the LM and PF
components, such that W,g=WpetW . A new “suspension-depletion” method was developed to investigate
cell attachment kinetics and further test the hypothesis. Result implies that the Wpg term in the above Wqn
equation dominates short-term cell adhesion, at least until the biology of cell spreading/replication dominates

population of the substratum, leading to formation of a confluent monolayer.
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A v f o T A
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Surface=s | L__ Surface=s | pr=Wsc+ Wi =W =Wy
Ligand Mediation Physical Interaction Force: Dupré work of adhesion

Key Words: Cell adhesion, Protein adsorption, Ligand mediation, Physical interaction
Fig.1 Schematic diagram of cell attachment to a surface mediated by biological recognition (a) and physical
interaction forces (b). Ligands (such as fibronectin, vitronectin, and fibrinogen) adsorbed from

serum-containing medium (represented by circles, squares, and triangles) are thought to undergo specific
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interactions with cell membrane receptors forming bonds that hold cells to the surface. The physical-force

contribution has been formulated in terms of the classical Dupré combination of interfacial energetics.
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Dimensions of receptor-ligand complex and the optimal radius of endocytosed virus-like
particle
Yan-Hui Liu"?, Ying-Bing Chen', Wei Mao, Lin Hu*
1. College of Science, Guizhou University, Guiyang 550025
2. State Key Laboratory of Theoretical Physics, Institute of Theoretical Physics, Chinese Academy of
Sciences, Beijing 100190
Abstract Recent experiments have pointed out that cellular uptake is strongly dependent on the physical
dimensions of endocytosed nanoparticles and the optimal radius of endocytosed virus-like particle coated by
transferrin is around 50 nm. As the same time, the dimensions of receptor-ligand complex have strong effects
on the size-dependent exclusion of proteins in cell environments. Inspired by these experimental results, a
continuum elastic model is constructed to resolve the relationship between the dimensions of receptor-ligand
complex and the optimal radius of endocytosed virus-like particle. These results demonstrate that the optimal
radius of endocytosed virus-like particle depends on the dimensions of receptor-ligand complex and the
dimension of receptor-ligand complex reduces the depletion zone. According to this this model, the density of

ligand on the bioparticle also can be deternined and matches with experimental results.
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— 30 nm (b)

partice 2%
| 38
Bjomcmbranc Receptor 3461
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Fig. 1 Representations of endocytosis process of virus-like parti-
cle and the effects of dimension of ligand-receptor complex on the

depletion effects. The green sphere is the virus-like particle and the
green sheet is the biomembrane which includes cytoskeleton.The
red and blue solid points represents ligand and receptor, respec-
tively. R, 8 and h are the radius of virus-like particle, the dimension
of receptor-ligand complex and the engulfment of virus-like parti-
cle, respectively.

Keywords: cellular uptake; depletion effects; dimension of Receptor-ligand complex; elasticity theory

Fig. 3 Contours of dimension of ligand-receptor 4, as a function
of R and r, the radii of large particles and small particles, respec-
tively. (a) From bottom to top, dimension of ligand-receptor §
ranges from 30 nm to 40 nm. (b) Dimension of ligand-receptor §
ranges from 40 nm to 44 nm.
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Single Molecular investigation of DNA looping and aggregating by restrictionendonuclease
BspMI
Yanwei Wang, Shiyong Ran, and Guangcan Yang*

School of Physics and Electronic Information, Wenzhou University, Wenzhou 325035, China
Abstract: DNA looping and aggregating induced by restriction endonuclease BspMI are studied by atomic
force microscopy(AFM), magnetic tweezers(MT). Under the condition of substituting Ca2+ for the normal
enzyme cofactor Mg2+ and having the enzyme concentration less than the critical concentration of 6 unit/mL,
AFM images of DNA-BspMI complex show that the number of binding and looping increases with the
enzyme concentration. Through the volume measurement of BspMI-DNA complex, we find that the number
of single tetramer BspMI -DNA particle takes over 85% of the complex after 30 min of incubation. At the
critical concentration 6 unit/mL, all the BspMI binding sites are saturated, so the loops induced by one
tetramer BspMI to bind two sites do not occur. It is worth noting that nonspecific BspMI binding to DNA at
saturation concentration represents more than 8% of the total BspMI-DNA complexes in direct visual AFM
images, where the number of binding sites is not just 39. Interestingly, we used MT to prove that the
additional loops can form when the enzyme concentration is higher than its saturation value (6 unit/mL) and
the complex is incubated for a long time (> 2hrs). We ascribe this phenomenon to the aggregation of enzymes.
The force spectroscopy of the BspMI-DNA complex shows that the force pulling open the loop of the
complex at less than saturation concentration has a peak at about 3pN, which is lower than the force pulling
open the additional loops by enzyme aggregated at higher than saturation concentration (>6pN). The statistics
of optimum loop sizes about BspMI-DNA complexes were about 900 bp.

Key Words: atomic force microscopy, magnetic tweezers, restriction endonuclease, DNA
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WE. [HALFEAIDPS: Intrinsically Disordered Proteins) DSS1 /& £ B AE H R AF A E &2 18 114>
THEGH, 76 TREX-2 E& AT DSS1 £ 25 PCID2 45, 2 53 mRNA [t 2 [ARFE & 1
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Unfolding dynamics of Titin 127 domain studied by magnetic tweezers
Guohua Yuan, Hu Chen, Jie Yan
Department of Physics, Xiamen University, Xiamen, Fujian, China, 361005
Mechanabiology Institute, National University of Singapore, Singapore 117411
Abstract: Titin, the largest known protein consisting of ~30,000 amino acids, connects Z line to M line in
sarcomere and then it limits the contraction/extension range of sarcomere which contributes to passive
stiffness of muscle. It is composed by many individually folded domains in the I band, whose unfolding is
controlled by force and other molecular interaction, which function as a molecular spring to regulate process
of muscular movement. The research on titin has been through a long time but mainly done by using the
traditional chemical approach, AFM single molecular manipulation method, and molecular dynamics
simulation. The force response behavior of titin has been systematically researched by AFM single molecular
manipulation which focus on the force range above 100 pN because of its technology limits in small force
region.Unfolding process of titin under physiological force range of <100 pN is still vague.

In this report, we studied the unfolding process of titin 127 domain in physiological force range of 6-110
pN, by using home-made improved magnetic tweezers. Our home-made magnetic tweezers makes it possible
to study a single protein for multiple hours with improved force resolution and large force range. We found
that in the force region from 6 to ~25 pN, the unfolding time increases with increasing force, i.e., larger force
makes 127 more difficult to unfold in this force range. This phenomenon is opposite to physical intuition and
also against the prediction from AFM single molecular experiment data, and challenge classic views of protein

unfolding dynamics

Key Words: titin, 127, protein unfolding, magnetic tweezers
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Bilinearity in spatiotemporal integration of synaptic inputs
Douglas Zhou
Institute of Natural Sciences, Shanghai Jiao Tong University
Abstract:A neuron receives thousands of synaptic inputs from its dendrite and integrate them to process
information. Many experimental results demonstrate the dendritic integration could be highly nonlinear, yet
few theoretical analysis has been performed to obtain a precise quantitative characterization analytically.
Based on asymptotic analysis of a passive cable model, we derive a bilinear spatiotemporal dendritic
integration rule for a pair of time-dependent synaptic inputs. Surprisingly, the above rule, which is obtained
from idealized models, can be verified both in simulations of a realistic pyramidal neuron model and in
electrophysiological experiments of rat hippocampal CALl neurons. Our results demonstrate that the
integration of multiple synaptic inputs can be decomposed into the sum of all possible pairwise integration

with each paired integration obeying a bilinear rule.
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The origin of drop splashing — a wind ten times stronger
Yuan Liu, Peng Tan and Lei Xu
Physics Department, The Chinese University of Hong Kong
Abstract: When a fast-moving drop impacts onto a smooth substrate, splashing will be produced at the edge
of the expanding liquid sheet. This ubiquitous phenomenon lacks a fundamental understanding. With high
speed photography, we illustrate that the ultra-thin air film trapped under the expanding liquid front triggers
splashing. Because this film is thinner than the mean free path of air molecules, the interior air flow transfers
momentum with an unusually high velocity comparable to the speed of sound, and generates a stress ten times
stronger than the general situation. Such a ‘strong wind’ initiates Kelvin-Helmholtz instabilities at small
length scales and effectively produces splashing. Our model agrees quantitatively with experimental
verifications, and brings a fundamental understanding to the ubiquitous phenomenon of drop splashing on

smooth surfaces.

Key Words: drop splashing, Kelvin-Helmholtz instability, wetting
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Structural origin of fractional Stokes-Einstein relation in glass-forming liquids
Limei Xu
International Center for Quantum Materials, Peking University
Email: limei.xu@pku.edu.cn
Abstract: The Stokes-Einstein relation has long been regarded as one of the hallmarks of transport in liquids.
In many glass-forming liquids, Fractional Stokes-Einstein relation (SER) is observed after the breakdown of
SER above glass transition. Using molecular dynamics, we investigate the dynamic properties in
glass-forming liquids. We find that SER breaks down when the size of the largest cluster consisting of trapped
atoms starts to increase sharply at which the largest cluster spans half of the simulations box along one
direction, and the fractional SER starts to follows when the largest cluster percolates the entire system and
forms stable 3-dimentional network structures. Further analysis based on the percolation theory also confirms
that percolation occurs at the onset of the fractional SER. Our results directly link the breakdown of the SER
with structure inhomogeneity and onset of the fraction SER with percolation of largest clusters, thus provide a
possible picture for the breakdown of SER and onset of fractional SER in glass-forming liquids, which is

important for the understanding of dynamic properties in glass-forming liquids.

Key Words: Glass transition, Stokes-Einstein relation, percolation dynamic crossover
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Theory of glassy dynamics in the system of model colloidal chains
Kang Chen',*, Bo-kai Zhang'?
1Center for Soft Condensed Matter Physics and Interdisciplinary Research, SoochowUniversity, Suzhou
215006
2National Laboratory of Solid State Microstructures and Department of Physics, Nanjing University, Nanjing,
210093
Abstract: Slow dynamics and the glass transition have long been the subjects of intensive study in condensed
matter physics. Colloids are an excellent model systems which have been investigated extensively by
experiments, simulations and theories. Nonlinear Langevin equation (NLE) theory is one of the microscopic
theories of glassy dynamics which has been applied to study the relaxation, elasticity, aging and mechanical
responses in both colloidal and polymer glasses. This theory is built on the system of particles. And, it was
extended to polymeric systems with chain-like structures by simply replacing the correlation function and
structure factor of particles or colloids by those of polymers. In this work, we modified the NLE theory to
include the effect of intra-chain correlations in a consistent way. The vertex of the integral in the expression of
dynamic free energy splits into two terms, both of which are explicitly depend on the intra-chain correlation
function. We applied the theory to study the glassy dynamics of model colloidal chain system and compared
the result with the pure colloidal glass. In the model, we adopt the approximate Koyama distribution for
worm-like chain to account for the strong excluded volume interaction between colloids along the same chain.
We found the crossover volume fraction @, increases with N, the number of colloids in the chain, and
saturates at large N, but deceases with bond length and rigidty. The localization length at the crossover, R,
which is related to the Lindeman length is not very sensitive to N. It decreases from 0.19¢ to 0.165¢ when N
increases from 1 to 100. But, R.increases slightly with bond length and rigidty. The localization length and
the relaxation time both increase as the rigidity of the chain becomes larger which is in consistent with the
predictions of Mode Coupling Theory on the glassy behavior of chain-like molecules. We found the glass

transition volume fraction increases with chain length, but decreases with bond length and rigidty.

Key Words: glass, colloid, colloidal chain, intra-chain correlation function
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Dynamic structures in dry active fluids
Xiaging Shi
Center for Soft Condensed Matter Physics and Interdisciplinary Research, Soochow University, Suzhou
2150006, People’s Republic of China
Abstract: Active matter, which is a physical abstraction of running animals, flying birds, marching locusts,
swimming bacteria, migrating cell or even cytoskeleton, has been a new building block for physicists over the
last decade or so to understand the common collective behavior in these non-equilibrium systems. The liquid
crystal state of active matter is of particular interesting since the collective dynamics is coupled with large
scale liquid crystal order. Dynamic instabilities are widely observed in active liquid crystal systems. This
often leads to large-scale collective motion in active nematics. Here we would like to present interesting
dynamical properties of two model active nematic systems when instabilities take place.[1-2] In a toy active
nematic system where the interaction only tends to align intersecting needle particles, we predict long-wave
length instabilities and further show large-scale chaotic evolution in such system. We also use hard elliptic
rods instead of penetrable toy needles to simulate active nematic state. We find the instability in deep nematic
order is characterized by the active unbinding of topological defects. These defects behave very differently to
non-active systems. We further reveal that their anomalous dynamics may lead to large-scale collective

motions in such active granular system

Key Words: active matter, active nematics, topological defects, dynamic instability, hydrodynamics
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A novel method to create fast growing biofilm
Rongjing Zhang", Alireza Abbaspourrad®, David Weitz®, Laurence Wilson®*
1Department of Physics, University of Science and Technology of China, Hefei, Anhui, China, 230026
2Rowland Institute at Harvard University, Cambridge, MA 02142, USA
3School of Engineering and Applied Science, Harvard University, McKay 501, 9 Oxford Street, Cambridge,
MA 02138, USA
4Department of Physics, University of York, Heslington, York, YO10 5DD, UK
Email: rjzhang@ustc.edu.cn

Abstract: Biofilm is a group of cells bounded by extracellular polymeric substance (EPS), growing on wet
environment, usually on surfaces. It can survive in extreme conditions and is responsible for over 80% of
microorganism infections in human [Ref. 1]. However, the research on biofilm is hindered by the slow
formation of biofilm in laboratory, especially for E. coli, the most understood bacteria. For B. Subtilis, a
typical biofilm-forming strain, it usually took 48 to 72 hours for biofilm to form using traditional method [Ref.
2-5]. For E. coli, it took even longer: it took weeks to produce ~ 10-100 pm® of biofilm by traditional E. coli
biofilm reactor[Ref. 6-9]. In order to have higher yields, people tried to use different methods to cultivate
biofilm: such as repeating the dipping-drying process in the traditional method to increase the number of cells
at the beginning of the growth, or, using the glass-wool reactor, which is using the increased surface area to
get more yield. These methods may double or triple the yield, but the amount is still in the range of ~ 100um®
after weeks of waiting. By using a novel method to encapsulate bacteria, for both E. coli and B. Subtilis strains,
ultra high cell volume fraction was reached at about 1000 times more than saturated culture, and the biofilm
formation rate increased at least two orders of magnitude. High density is one of the key strategies of bacteria
surviving in stressed environment [Ref. 10]. The cell volume fraction in this method can reach above 63%, the
critical density limit for motile cells to form clusters called "living liquid crystal” [Ref. 11, 12], this number is
1000 times larger than that of the saturated culture -- highest cell density under traditional conditions. Motility
of cells was monitored and characterized before biofilm formation. Possible mechanism for this fast biofilm
formation was discussed and further studies were also suggested. The mechanism of this fast growing process
may lead to significant discoveries in life sciences, because many organelles in nature such as alveoli and
renal tubule have similar features geometrically and structurally.

This novel method not only made it possible for E. coli to be used as a model strain to study biofilm, but

also drove us to explore unknowns towards the essential mechanism and formation conditions of biofilm.
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Cavity formation in drying droplets of soft matter solutions
Fanlong Meng™?, Masao Doi?, and Zhongcan Ouyang®
linstitute of Theoretical Physics, Chinese Academy of Sciences, Beijing, China 100190
2Center of Soft Matter Physics and Its Applications, Beihang University, Beijing, China

Abstract: When a droplet of a soft matter solution is dried, cavities are often formed in the droplet, giving a
hollow sphere in the end. A theoretical model is given for this phenomenon. It is shown that the formation of a
gel like layer (skin layer), which has a finite shear modulus, is essential for the phenomenon to take place. The
condition for cavity formation (how it depends on the shear modulus and thickness of the skin layer), and the
variation of the droplet volume and cavity volume after the cavity formation are examined. However, there
still exist lots of unsolved problems, among which dynamical part is very important. So next step we will look

at the dynamical process, and want to find interesting explanation for this complex phenomenon.
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From Crystals to Disordered Crystals: A Hidden Order-Disorder Transition

Hua Ton , Peng Ta, and Ning X
CAS Key Laboratory of Soft Matter Chemistry,
Hefei National Laboratory for Physical Sciences at the Microscale, and Department of Physics,
University of Science and Technology of China, Hefei 230026, China
Department of Physics, Fudan University, Shanghai 200433, China

Abstract: Order and disorder constitute two fundamental themes in condensed matter physics and material
science. An integrated understanding of materials ranging from crystals to disordered solids requires
organizing principles from both sides, and in between. Perfect crystals, the epitome of order, provide an
important starting point for understanding properties of solids, which lie in the heart of solid state physics. In
contrast, materials such as glasses and granular assemblies are highly disordered. Although the absence of
long-range structural order makes it difficult to achieve analytical descriptions, disordered solids have been
shown to exhibit a set of universal properties distinct from their crystalline counterparts, e.g., the excess
low-frequency excitations and subsequent thermal anomalies, the heterogeneous mechanical response to
perturbations, and the dynamic heterogeneity through the glass transition. While much attention has focused
on the peculiar properties of disordered solid itself, there has been comparatively little research into the
crossover between the crystals and disordered solids, leaving the boundary between the two extremes of order
and disorder elusive.

In this study, we perform detailed investigations into the evolution from perfect crystals to disordered
solids, by using particle-size polydispersity as the control parameter. Within similar framework, previous
simulations have shown that the system undergoes structural amorphisation toward an amorphous solid state
when the polydispersity increases over a sufficiently large value. Here we report a hidden order-disorder
transition from crystals to disordered crystals, namely solids with extremely high crystalline order but
mechanical properties resembling typical amorphous solids, long before the structural amorphisation. With the
bond orientational order and translational order insensitive to this transition, multiple mechanical properties
show a sudden change. The evolution of the underlying mechanical network plays a key role in characterizing
the hidden order-disorder transition, which is controlled by the volume fraction with respect to the close
packing point and the particle-size polydispersity. We construct a phase diagram which provides a unified
view of solids between the mechanical extremes of order and disorder. Moreover, scaling analyses performed
in disordered-crystal regime reveal new jamming physics, the study of which may deepen our understanding
of disordered solids.

Key Words: crystal, disordered crystal, order-disorder transition
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Speciation in Aqueous Magnesium Polyborate Solutions at 298.15K
FangCH,ChenQL,fang, zhouY Q, ZhuFY, Ge HW

Qinghai Institute of Salt Lakes,Chinese Academy of Sciences, Xining,810008 China;

Abstract Density. conductivity. viscosity. and pH of 2MgQ0:3B:0s3; (for inderite. 2MgO-
3B20: 15H20). MgO:7B203 (for hungchaoite, MgO-2B2039H20) and MgO:10B20s (for
mcallisterite, MgO-3B203-7.5H20) solutions have been measured during isothermal evaporation at
298 K. A complete set of thermodynamic equilibrium constants of magnesium borates were
obtained on the basis of the basic principles of thermodynamics. The species distributions were
calculated by Newton iteration method with pH and thermodynamic equilibrivin constants. as
shown in Fig 1. The main species in aqueous MgO:1.5B20;. MgO:7B>0; and MgO:10B204
solutions were verified by Raman spectra. as shown in Fig 2. The main species in 2Mg0:3B»0;
solution is B30O3(OH)s>. in step with the congruent inderite. Here. It is inferesting to note that the
dominant species in aqueous MgQ:7B20s solution is not B4sOs(OH)s> in hungchaoite solid. but
B30s3(OH)s>. agrement with the incongruent hungchaoite. More interestingly. the dominant

species in aqueous MgO:10B,0; solution is neither BsO7(OH)¢> in mcallisterite solid nor
B1Os(OH)s* in hungchaoite solid. but B3O3(OH)s*. in accord with the incongruent hungchaoite.
Compared with the polyborate solutions of Li". Na~ and K. the hydration affinity. octahedral
structure and configuration of bivalent Mg>* strongly affected the solvent tetrahedral structure first
of all. further changed the structure of polyborates. Such a solution environment not only inhibited
the hydrolysis of polymers at lower concentration and the polycondensation of oligomers at higher
concentration.

Keywords:Polyborate:Speciation:Hydrolysis:Polycondensation
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Fig. 1 Polyborate distribution in Mg0:1.58,03, Mg0:108B,03; and Mg0:7B,0; solutions
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Metastable Phenomenon in Aqueous Lithium Tetraborate Solutions
FANG Yan, FANGChun-Hui,XU Sha,ZHOU Yong-Quan, ZHUFa-Yan,TAO Song
Qinghai Institute of Salt Lakes, Chinese Academy of Sciences, Xining,810008 China

Abstract The metastable phenomenon of aqueous LiB4sO; solution has been
observed at 298 and 323K by isothermal evaporation. It is interesting that the
maximal supersaturation [w-wo)/wo] even reached 12 times. A sticky colloidal soft
matter was obtained in the final stages of evaporation. Precipitated solid. sometimes 1s
amorphous without any Bragg peak, sometimes is the crystal with Bragg peaks. The
density, conductivity and pH of the supersaturated solutions at the different
evaporation stage have been tracked and measured at 298.15 and 323.15 K.
respectively. The species distributions were calculated by Newton iteration method
from pH and the chemical stoichiometricequilibrium constants of borates!. Among
them, the dominant species in the supersaturated solution at 298.15K 1s cyclic chained
anion [BsOs(OH)2],*. the minor species isolated anions B3O3(OH)s*, BsO3(OH)s and
B(OH);, and the negligible species BsOs(OH)s and B(OH)s; while the dominant
species at 323.15K is still [BsOs(OH):]n**. the minor species B3O3:(OH)s and B(OH)s,
and the negligible species B;O3(OH)s*, BsOs(OH)s and B(OH)s. The lithrum
tetraborate trihydrate L1:B4O73H>O 1s the most stable congruent compound in the
ternary system Li20-B203-H:O phase diagrams® at 283-353K, having the structural
tormula Li[B.Os(OH)|'H20* or Liz[B4Os(OH).]-2H.O. According to the chemical
species distribution, the inter-conversion rules among all the borate anions and their
variation rules with temperature in the metastable aqueous solutions have been
summarized in the present paper, and the origin of the metastable phenomenon of
L1;B4O5-H,0 system revealed also.
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Fig. 1 The chemical species distribution of supersaturated L1;BsO~e solutions at
298.15and 323.15K
® B(OH);, MB(OH)s.A B;03(OH)s % BsOs(OH),>, ® B303(OH)s>. A BsO(OH)s

61



7S 3 W BT BT ST

We BE, 2 am, WOYHE, e
PEAL TV RSB B, 25 1) 2 D S50 2 200 B B R SO0 =8, DRE BRI Io SRR R4, 75 %2 710129

Email: dyzang@nwpu.edu.cn

FE: FI A SRR (10pL) 8 &7 T2, Il As s s s o i A 3. G 1]
FEORVE R, VR AR B E R IS VR ME S . A SCR A Rl B HORAT AL TR 0 1
PRI RE T AT AR AL oS30 PRI P 2R TG 77+ — e B GRIR B (SDS) XU MR T HEAT 4%, RGEHTFL 1
AR FEHAEAN AT A 256 R RIBIASAT s SRR, W AT A5 T3 25 i T SDS W AN
WA, B 1AW T A FREIRE AR RAME. A, SDS WK 0.8cme B, R
AR [ R A i S T AN B S BRI « 2% 37047, ST K Gibbs #E AN 2 DA5E 423K Laplace [
ZEFTP IR o AR AR IR PR AR R 2 R TR LB FE S B0 20 Marangoni 25, T 5T LA
SR, AT W e S R B o
KB VN, KM5K F7, Marangoni &8, S F# e

——e000 " ————

2.5 ] 1.5
e % =R k- e e
..o 1 12.5 15

17..5 20 10 13 5
(C) --—-—-— ] '

ﬂ..=<>=1}“17“1r* W ———

© PP — Y=\
10 _. .“. .. i : o oo :o 10 5 S
I 1 R TR A A
§ LEmITLLc tee . ot 0 (@) 2 BriRes (b) “VR4h” A
el et L () LA () MEPRE
Gorpem o o o o e (6) WL 5 A
E ! ! L |

1.0 15 20 25 30
Compression Ratio

ZE R

1. Reyssat E, Chevy F, Biance A-L, et al. Shape and instability of free-falling liquid globules. Europhys Lett,
2007, 80:34005

2. IR JROBEE, TROK ER SR PRI B JE R AR R S S B AT NI RE . FHdE Rk, 2013,
58:3390-3397

62



4 FHAE 1-Methylindole §] JG-p 3I&BN ST 5
ZEMHT, BREEWD, EEESE, WOCHE, AR X
el K WA R & AR S R R S0 3, Wb 22 5 S T Jb K P B 438 5
Email: Limin_Wang@ ysu.edu.cn

BB PR AR ARNIE O SIS R, SR AR R B AL A R I 43 ) 2 1
BFE. o L IR R R B IR AT A, TR R AR, R R PR
REEX SR RE Y, /e g it R te 6 1 B . WF TR B IG-B St T4 th 5 B ms 30 I e v
BREEFEVEA, ML TEMIIE, X B MIREABUEAFAEFU, XN T4 5 B FL A
9% TR B A T AN T /N R Y B R O B, (LR T R 8 1 4 TAEAN SR T
AR ) FLEE R AT REAE AR MR IR B, T2 L IG-B BT Ry y HER, X IG-B
TR I AR AR KR Blochowicz 76— 763 &1 Capaccioli % F 77 THI i) T 5t 46 B JG-B i)
PR, R U T S Sy e . FRATE I L A B T RIS, Bk, Sl
(IR LA K S4BT B B A e DR 3, PR LA RS o v S LG8 () 1-Methylindole HE4T T A L3t
BBFTE, RO T 304 (o i LS, HELT BRI MG, SH%Eh 120 R G R W%
J93G-B MR . WAL RRY IG-B i SAA R K, #— BN T IG-B SILAE N Tl
(T, A9 IG-B IR IR N BT S 5%

R PR, Wigsh e, IG-B iR

Reference:

1. Angell C A, Ngai K L, McKenna G B, et al. Relaxation in glassforming liquids and amorphous solids.
Journal of Applied Physics, 2000, 88(6), 3113.

2. Johari G P, Goldstein. M Viscous liquids and the glass transition II.Secondary relaxations in glasses of
rigid molecules. J Chem Phys, 1970, 53 (6), 2372.

3. Ngai K L, Paluch M. Classification of secondary relaxation in glass-formers based on dynamic properties.
The Journal of chemical physics, 2004, 120(2), 857.

4. Blochowicz T, Réssler E A. Beta relaxation versus high frequency wing in the dielectric spectra of a
binary molecular glass former. Physical review letters, 2004, 92(22), 225701.

5. Capaccioli S. Is the Johari-Goldstein beta-relaxation universal ?. Philos. Mag. 2008, 88 (33), 4007.

6. Chen Z M, Wang L M, et al. Relaxation dynamics in glass forming liquids with related molecular

structures. Chemical Physics Letters, 2012, 551, 81.

63



T i PR R Bt B R A7 BIZ 30
T H, R
PEBFARAR R SRR TRAR, S8, %#, 230026
*Email: liyinmei@ustc.edu.cn

FE: PR T AT a5, e R T AR KOG R EAE R R SR, BRI e R
BE T, ATLMSERL T WAL SROCHI RS H. X, AR AT AR 81 73 ik s i ehokil 7
s B U, BETHE T PRI AR E S BROE SRR LIRS (K 7 ik

ST, BATE IR, B ST BRI RIARE o X AR VE T LS
FEEERE bR €, R PR EE R AT 6], AT AT RESEBDG AR (L AR 5E o O 1B FUR AR T i
(KA 20, BATTR AU AN SRI AP 5%, BETT 1 GBI BERR 52 45 RANER K IR &R, AL PR T
ISR SR FDCH RIS AR, B FTai KR W], JATTHTRT FU 0 592k FoAt GE i) D b o 4
RAEE L e ZINEA RS BV HAERA B> Bt (s 00 T SEBLG BRI EE AR5 -

RIS, EEFRIAEA, BATERMRR I ITIERCR R GNER AT 7B T X5k
K= MBS W A BRI, RZIEA R VO ARG BENER R E.  ATAEERA8E

2234 (Nos. 11302220, 11374292) #Hi.

KA L, WRFFIBE, JePNIEE, RR IR

S35 (R

1. E AR, PHEUN, &, and ZFERK, "ET B R ROEHE R Is s, MEE R 62,
188701-188701 (2013).

2. Zi-Qiang Wang, J.-H. Z, Min-Cheng Zhong, Di Li, and Yin-Mei Li, "Calibration of optical tweezers
based on an autoregressive model,” OPTICS EXPRESS 22, 9 (2014).

3. E A, PHEUN, e, FLALL, and ZRIROK, B R GRENLERS EBAHR ZZAME," SR
TFE 22, 1403-1409 (2014).

64


mailto:liyinmei@ustc.edu.cn

Reconstructing equilibrium distribution of complex systems use RWED method

Chuanbiao Zhang and Xin Zhou
School of Physics, University of Chinese Academy of Sciences, Beijing 100049, China
Abstract: Molecular dynamics and Monte Carlo simulation methods had a very deep influence on materials
science, biology, and many other fields. Despite their great success, the simulation methods suffer from
limitations in quasi-ergodicity in complex systems such as biological macromolecules, thus reduce the scope
of their applications. To more sufficient explore the complex conformational spaces, various advanced
simulation methods had been developed and applied widely. By using multiple simulation trajectories, which
started from dispersively selected initial conformations, the reweighted ensemble dynamics method (RWED)
is designed to robustly and systematically explore the hierarchical structure of complex conformational space
through mapping trajectories into some selected basis functions then doing spectral analysis of the
variance-covariance matrix of the trajectory-mapped vectors (1). However, in RWED, the selection of basis
functions is not straightforward. In previous study, we chose the basis functions by physical intuition. But, in
more complex cases, it is not trivial task. It is necessary to develop more general method to choose basis
functions. In this paper, we focus on the question of choosing generally basis functions for RWED analysis,
and present three approaches.

I: Many various analytical physical quantities, such as dihedral angles, radius of gyration, distances of
atom pairs, solvated energy, and helix probability, could be applied as basis functions.

I1: Cell functions in the space spanned by the physical quantities. We split the physical quantity spanned
space into some discrete cells, and define cell functions as basis functions in RWED.

I1l: RMSD-based-Cell functions. With a similar technique to Markov State Models (2), but different
spirit, we develop a method to select basis functions for RWED. Based on RMSD (root mean square deviation)
between conformations, we can split sampled conformations into overlapped cells. Those cells were analyzed
by PCA (principle component analysis) to get a set of orthogonal basis functions for RWED analysis.

We employ those approaches to analysis three different model systems, two dimensional multiple-well
toy model, lattice spin model (2D 8-state Potts model), and a short peptide with implicit solvent, to assess the
performance of RWED. In all those systems, starting from different biased initial distributions, RWED could
reconstructed equilibrium distribution of them, suggesting the robustness of RWED and the selection methods
of basis functions.

Key Words: Free energy surface, RWED, Basis functions
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Energy dissipation and adaptation accuracy
Shouwen Wang and Leihan Tang
Complex System Lab, Beijing Computational Science Research Center Beijing,100086,China
Emailx: wangsw09@csrc.ac.cn
Abstract: As a paradigmatic example of environmental monitoring in biology, the E.coli chemotaxis has been
a model system to study cellular response to environmental change. The great signal sensi- tivity and the
ability to adapt over a large range of external ligand concentration have attracted much attention and thus have
been intensively studied. The energetic cost for maintaining high adaptation accuracy is addressed recently by
Lan etal. and they propose that energy is dissipated to achieve better adaptation accuracy. Based on
systematic analytical and computational study on the sensory network model proposed by Lan et.al., deep
understanding of adaptation error is achieved in microscopic system. The total energy dissipation is
decomposed into the heat dissipated by methylation process and activity switch respectively, which shares a
deep connection with the corresponding violation of Fluctuation-Dissipation Relation(FDR), inspired by the
FDR-Sasa equality. The adaptation error is found to be constrained by the dissipation through activity switch
in a universal way, which suggests that energetic allocation in different degrees of the system would affect the

performance in a fundamental way.
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Anti-icing Coating Inspired by Ice Skating
Jianjun Wang
Institute of Chemistry, Chinese Academy of Sciences 100190, Beijing China
Abstract: Accumulation of ice to surfaces brings dangerous and costly problems to our daily life. Thus there
has been great interesting in finding an effective method to fight against icing. At the surface of frozen water,
even at temperatures below 0 °C, ice’s hexagonal structure breaks down and forms a liquid-like layer that
lubricates the surface, allowing figure skaters to spin and glide. In this paper, we report an anti-icing coating
inspired by ice skating. Hyaluronic acid is used in the anti-icing coating to form aqueous lubricating layer
benefitting from its high water absorbing property. Dopamine, the main component of the mussel adhesive
protein, is introduced to anchor the hyaluronic acid to the solid surfaces to render the coating applicable to all
types of surfaces. At the same time it serves as the crosslinking agent for hyaluronic acid, thus the thickness of
the water collecting film could be easily varied. Ice adhesion strength on surfaces coated with such kind of
coating could be more than one order of magnitude lower than that of uncoated ones. The results indicate that

this anti-icing coating with an aqueous lubricating layer has great potential for fighting against icing problems.
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Research on the angle of repose of natural sand
Zhou XiangLing*, Li HuaZhen? , Yu ShengQing’

1.Department of Physics, Kashgar Teachers College, Kashgar, XinJiang, 844000; 2.Department of the Physics
College of ChongQing University, 401331
Abstract: In this paper we take the sands collected from the natural dunes at the southwest edge of
Taklimakan desert as our experimental subjects. We drift the sands into mounds by using static funnel method
and record some videos for the drifting processes. Then we translate the videos into pictures and analyze them
by the computer software “CorelDraw”. By analysis we get the Dependence of the static angle and the
collapse angle of the sand mounds on the time and the particle size. Then we make some conclusions: (1) The
angle of the sand mound always follow the same circle, i.e., from the maximum static angle to the collapse
angle and back to the maximum static angle. Thus both the collapse angle and the maximum static angle
oscillate over time. (2) When the particle diameter is less than 0.30 millimeter, the difference between the
collapse angle and the static angle will be increased with the increase of the particle size. Whereas when the
particle diameter is greater than 0.30 millimeter, it will be decreased with the increase of the particle size. (3)
The average difference between the collapse angle and the static angle is (4.6£0.6) °. (4) The difference
between the collapse angle and the static angle of the mixed sand mounds is ranged from 33.5 °to 39.8°.
Keywords: particulate matter; static angle; collapse angle; sand; sand heap
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