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Biophysical and biochemical parameters govern membrane processes 
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Presentation Notes
An interplay of several parameters governs membrane processes: lipid composition can affect membrane curvature, due to effective shapes of lipid molecules. Curvature can modify the conformation of proteins, while some proteins can modify curvature by scaffolding or membrane insertions.  The bending rigidity of a membrane is a measure of the membrane resistance to change its curvature.
Diverse cell biological processes that involve shaping and remodeling of cell membranes are regulated by membrane lateral tension. 
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Pushing and pulling membranes:
A toolbox for membrane biophysics studies

3

AFM

• R. Sorkin et. al., Small, 2018
• D. Vorselen…R. Sorkin et. al., Nat Comm 2018

Acoustic Force Spectroscopy

• R. Sorkin et. al., MBoC, 2018
• E. Dekel, …, R. Sorkin et al, Nat Comm 2021

Optical Tweezers Force Spectroscopy

• R. Sorkin et. al., Biophys. J. 2020
• S. K. Cheppali, R. Dharan and R. Sorkin, J. Mem Bio. 2022
• S.K Cheppali… R. Sorkin, ACS Appl. Mater. Interfaces 2022 

Optical Tweezers+ micropipette 
aspiration + microscopy

• R. Dharan…R. Sorkin, PNAS 2022
• R. Dharan… Y. Huang…R. Sorkin, Nat Comm, 2023
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Outline

1. Biophysics of migrasome formation 

2. New assays towards better understanding of
membrane fusion in viral infection

3. Effect of membrane tension on fusion

10 um



Sorkin lab, Tel Aviv University

Outline

1. Biophysics of migrasome formation 

2. New assays towards better understanding of
membrane fusion in viral infection

3. Effect of membrane tension on fusion

10 um



Sorkin lab, Tel Aviv University

Biophysics of migrasome formation
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WE ARE RECRUITING!

In collaboration with:
Kozlov Group, TAU              Li Yu Lab, Tsinghua Uni

Misha Kozlov Li Yu              Yuwei HuangRaviv Dharan Shahar Goren Alisa Vaknin
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Migrasomes are new members of the EV family

L. Ma et al, Li Yu Lab, Cell Research 2015

• In zebrafish organ morphogenesis, release 
chemokine signals to defined regions of the 
embryo.
Organ morphogenesis is impaired in mutants
(TSPAN knockouts)

D. Jiang et al, NCB 2019

• Mediate mitochondria quality control

H. Jiao, Cell, 2021

• Lateral transfer of mRNA and proteins
by migrasomes modifies recipient cells

M. Zhu, Cell Research, 2020

Presenter
Presentation Notes
rescued by the injection of purified migrasomes before gastrulation
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Migrasome formation necessitates Tetraspanins

10 um

Enriched with tetraspanin 
proteins
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TSPN protein family

• Small proteins with four transmembrane 

domains 

• Associated with various biological processes 

including cell adhesion, motility, membrane 

fusion and signaling in diverse organs

• The transmembrane region is highly conserved 

and has a cone-like shape

Rie Umeda et al. Nat Comm 2020

CD9
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TSPAN4 GPMVs

20 um 20 um 5 um

5 um

R. Dharan...R. Sorkin, PNAS, 2022

Presenter
Presentation Notes
HEK293T cells expressing TSPN4-GFP 24 h after transfection
GPMVs, appear dark in phase contrast, can be seen floating in the sample or attached to cells, after treatment with active buffer. 
Fluorescent GPMVs containing TSPN4-GFP. 
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TSPN4 is curvature sensitive

R. Dharan...R. Sorkin, PNAS, 2022
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Sorting factor hysteresis

AlphaFold prediction

Rie Umeda et al. Nat Comm 2020

R. Dharan...R. Sorkin, PNAS, 2022
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Sudden tension increase induces vesicle formation

Low tension (wide tether) High tension (narrow tether)

P=0 P=0.3 mbar

R. Dharan, Y. Huang...R. Sorkin, Nat Comm 2023

Presenter
Presentation Notes
The time of the tension increase was substantially shorter than the time needed for the tube relaxation to a new equilibrium configuration of a homogeneous cylinder with a reduced cross-sectional radius corresponding to the new level of the tension, which required a slow decrease of the intra-tubular volume through liquid flow into the GPMV. This condition of a transiently constant volume corresponded to that of the pearling instability9.
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TSPAN migrates to the swelling and stabilizes it

R. Dharan, Y. Huang...R. Sorkin, Nat Comm 2023
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GPMVs without TSPAN-control

t=0

2 um

t=0.3 s t=1.0 s

t=1.8 s t=6.1 s t=8.4 s

t=16.0 s t=21.1 t=22.1

R. Dharan, Y. Huang...R. Sorkin, Nat Comm 2023
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Initial stage of migrasome formation is TSPAN independent

R. Dharan, Y. Huang...R. Sorkin, Nat Comm 2023
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TSPAN is recruited to migrasomes
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TSPAN4 stabilizes migrasomes

Presenter
Presentation Notes
Swelling of tspn low vesicles, recruitment and stabilization of migrasomes by tspn recruitment, dissipation in absence of such recruitment
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TSPN stabilizes migrasomes

Frame 28 Frame 30 Frame 32 Frame 34

Frame 42 Frame 44 Frame 46 Frame 48 Frame 50 Frame 52 Frame 54

Frame 36 Frame 38 Frame 40

Interval 4min

R. Dharan, Y. Huang...R. Sorkin, Nat Comm 2023
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Suggested migrasome formation mechanism

1. Curvature driven sorting due to 
TSPAN4 shape

3. Formation of macro-domains 
that have lower curvature 
migration to lower curvature 
regions, migrasome stabilization

2. Swelling of migrasome like 
structures due to tension increase

2.5 um

2.5 um

5 um
Umeda et. al., 2020

5 um

5 um
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Membrane Fusion of SARS-CoV-2

22

Tang, T., Bidon, M., Jaimes, J.A., Whittaker, G.R., Daniel, S., Coronavirus membrane fusion mechanism offers as a 
potential target for antiviral development, Antiviral Research, 2020

Proteolytic 
processing 
at the S1/S2 

several different 
proteases can 
trigger at S2’

Presenter
Presentation Notes
he fusion subunit is largely composed of α-helical secondary structures (Fig. 2), and its function is regulated through proteolytical priming or cleavage at specific sites to induce the fusion-competent state of the S protein

Proteolytic processing at the S1/S2 will cause the S protein to adopt a pre-fusion metastable state. This priming event generates separate S1 and S2 domains, which are then non-covalently associated.

In this metastable state, the fusion protein must overcome a kinetic barrier to transition to the next state. The energy to overcome this barrier can be provided by a trigger that will interact with the fusion protein, resulting in a series of conformational changes that will enable the fusion protein to insert its FP into the host membrane, forming a pre-hairpin intermediate state. The triggering event(s) are usually environmental cues that inform the virus about its microenvironment. As an example, the influenza virus fusion protein is triggered by low pH; as the virus is trafficked through the endosome, the increasingly acidic conditions eventually destabilize its fusion protein, so that the fusion peptide is able to insert into the endosomal membrane and commence the fusion process (Carr and Kim, 1993). Since the triggering step initiates the fusion cascade, it is very well regulated to ensure that the virus fuses in an appropriate location. 

After insertion of the FP, the three HR1 regions assemble into a coiled-coil trimer and three HR2 regions bind to the hydrophobic grooves of the HR1 trimer in an antiparallel manner. (Guillén et al., 2005). The assembly of the HR1 and HR2 domains is known as the fusion core or six-helix bundle, and it is this conformational rearrangement that pulls the viral and host cell membrane into proximity so that they can fuse, bringing the fusion protein into a stable post-fusion state. 
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Unravelling coronavirus membrane fusion:
supported natural membranes

Brouwer I. et al Nat Comm 2015       Sorkin R. et al, Biophys. J, 2020

Coating colloids with synthetic membranes

Natural vesicles Synthetic vesicles

Mixing natural and synthetic vesicles – control protein concentration

Coating colloids with natural membranes
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Bead-supported natural membranes are mobile

S.K Cheppali… R. Sorkin, ACS Appl. Mater. Interfaces 2022 

D ~ 0.3 µm2/sec  M ~ 70%

Presenter
Presentation Notes
yielded D=0.265±0.2 µm2/sec, mobile fraction of 87±11%, n=6 for the synthetic membranes and D=0.25±0.2 µm2/sec, mobile fraction of 62±7%, n=7 for the natural membranes.
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Optical tweezers unbinding force measurement
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Validating protein presence and activity: ACE2- S interactions

ACE2 Spike
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S-Ab successfully blocks S-ACE2 interactions

S.K Cheppali… R. Sorkin, ACS Appl. Mater. Interfaces 2022 

Presenter
Presentation Notes
Monoclonal anti RBD of spike 2.1 ug/ml
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Next steps

Here hemifusion is induced by adding Ca2+ (liposomes have PS lipids), 

next step: can exposed FP lead to hemi(fusion)?

How strong is the interaction between an exposed FP and a membrane?

Trypsin
Synthetic 
membrane:
Test effect of 
composition!

Hemifusion can be observed in OT experiments
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Outline
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Fusion Energy Barriers

Docking

Hemifusion
Stalk

Diaphragm 
Expansion

Pore 
Formation

Stalk

Pre-
fusion

Hemifusion 
diaphragm

Pore opening  

Full fusion
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tic
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The classic model of the fusion process 
(Kozlov&Markin)

Presenter
Presentation Notes
Two main transition states – Stalk and Pore formation.
Pore formation is usually the rate-determining step. 
The energy barrier is affected by different membrane&surrounding properties (curvature, proteins, osmolarity…) 		
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Membrane Tension

− Membrane tension is as free energy per unit 

area needed to stretch a flat membrane element.

𝛾𝛾 = �
𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕 𝐽𝐽,𝐾𝐾,𝐽𝐽0=𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐

− Membrane tension usually varies between 0.005 - 0.1[𝑚𝑚𝑚𝑚
𝑚𝑚

]

and can reach 0.5 [𝑚𝑚𝑚𝑚
𝑚𝑚

] in migrating cells.
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Membrane Tension Manipulation

𝛾𝛾𝑎𝑎𝑎𝑎𝑎𝑎[
𝐽𝐽
𝑚𝑚2] =

Δ𝑃𝑃 � 𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝

2(1 −
𝑅𝑅𝑝𝑝𝑝𝑝𝑝𝑝
𝑅𝑅𝑣𝑣𝑣𝑣

)

Low Aspiration High Aspiration Micropipette Setup in OT

Tension:

Project in collaboration with Gonen Golani and Ulrich Schwarz
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Hemifusion Detection

Presenter
Presentation Notes
Calculating the lipid mixing time delay using fluorescence microscopy.
GUVs are labeled with RH-PE, and red channel intensity is monitored on the contact edge.	
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Hemifusion Detection

Protein free, Ca2+ mediated hemifusion of 20% PS containing membranes
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Method Validation

M. Kozlov, Cell, 2005
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Tension Inhibits Lipid Mixing
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Lipid Mixing Energy Barrier

Lipid mixing energy barrier: 
F= tension independent (elastic energy, dehydration 
repulsive forces) + tension dependent.

𝐹𝐹 = 𝐹𝐹0 +
1
2
Δ𝐴𝐴 ∗ 𝛾𝛾

Lipid mixing time delay ∝ first passage time 
over the energy barrier -in our model - the stalk 
energy.

𝜏𝜏 𝑠𝑠𝑠𝑠𝑠𝑠 = 𝜏̃𝜏 ∗ 𝑒𝑒
𝐹𝐹
𝑘𝑘𝐵𝐵𝑇𝑇

in collaboration with Gonen Golani and Ulrich Schwarz

Presenter
Presentation Notes
dA is the sum of the area withdrawn from both monolayers to form the stalk 
Contribution of tension to stalk energy is governed by dA that depends on the water gap between the membranes
CALCULATE THE DEPENDENCE OF THE ENERGY BARRIER ON TENSION USING CONTINUOUS ELASTIC THEORY
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𝐹𝐹𝑇𝑇 = kBTln
𝜏𝜏
𝜏𝜏0

=
1
2Δ𝐴𝐴 𝛾𝛾 ∗ Δ𝛾𝛾

Membrane Tension Inhibits Lipid Mixing by Increasing 
the Hemifusion Stalk Energy

Presenter
Presentation Notes
we can calculate the relationship between the lipid mixing time delay in the presence of tension, τγ, to the corresponding time without tension, τ0, from the ratio,
Therefore, the lipid mixing time delay can be related to FT 

Change in lipid mixing time delay due to tension depends on change in energy barrier and not its absolute magnitude

Membrane Tension Inhibits Lipid Mixing by Increasing the Hemifusion Stalk Energy
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