
Physics and cell biology:  
studying why cell membranes bend   
 

Collaboration with  
Carl Grossman, Catherine Crouch (Physics)  

and Kathleen Howard (Chemistry)  



I am on leave next year .... 

… so I am not taking summer students in 
2014. 

BUT I expect to take students in summer 
2015.  



How and why cell membranes bend 

o  Membrane shapes change in many 
critical cellular processes (such as 
movement, division) 



o  Viruses package themselves into “buds” 
o  Proteins in the membrane cause the 

bending! 
 

Viral infection and shape changes 

Figure from Rossman (2011). 

recruitment of M1, through HA/NA cytoplasmic tail binding, may
enable its polymerization, facilitating the formation of filamentous
virions (Figs. 1B, D). Additionally, membrane-bound M1 may then
mediate alterations in membrane curvature, further progressing the
budding event. Alternatively, the binding of M1 to HA/NA cytoplasmic
tails may block their ability to alter membrane curvature, necessitat-
ing the addition of M1-mediated alternations in membrane curvature
to continue the budding process. Recruitment of NP and the RNPs to
M1, at the site of budding, may mask the ability of M1 to alter
membrane curvature, preventing the conclusion of budding as would
occur during VLP budding (Fig. 1A). This block in budding may
necessitate M2-mediated membrane scission for completion.

The delayed expression of M2 (Zebedee et al., 1985) may allow for
the initiation of budding, and for proper virion assembly, before the
mechanism of scission and virion release is provided. Furthermore,
the recruitment of M2 to sites of budding, by M1, puts M2 in a
cholesterol-rich environment, where M2 stabilizes the site of budding
instead of causing membrane scission (Fig. 1B). This would allow for
proper assembly of the budding virion before M2 is localized to the
neck of the budding virion, placing it at the boundary between the
lipid raft-enriched virion and the bulk plasma membrane phases
(Figs. 1C, D). At the budding neck, M2 may exert its own positive
membrane curvature by inserting its amphipathic helix into the
membrane and modifying the line tension between the two lipid
phases. This further alteration of membrane curvature may provide
the final force needed to mediate membrane scission and the release
of the budding virion (Figs. 1C, D).

Following the completion of membrane scission, the virion may
still be tethered to the cell membrane due to the interaction of virion-
associated HA and cell-surface sialic acid moieties. NA is then able to
play the final role in virus budding, cleaving sialic acid off the cell
surface, preventing the HA–receptor interaction and freeing the
budded virion. Interestingly, recent cryo-electron tomography experi-
ments have shown that NA is concentrated at one location on budded
virions, which may reflect the role of NA in mediating the final release
of virions from the cell surface (Calder et al., 2010).

Influenza virus budding requires a tightly organized assembly of
multiple different viral proteins, withmanyproteins providing a level of
redundancy, helping to ensure successful budding. The activities of HA,
NA, M1 andM2may serve to sequentially modifymembrane curvature,
with each protein furthering the process of virus assembly and budding.
Thus, for influenza virus, budding is not a solo performance, but a
carefully orchestrated symphony with each component functioning at
precisely defined points in space and time. By better understanding this
orchestration it may be possible to alter these relationships, causing a
failure of budding and inhibiting the replication of influenza viruses.
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Fig. 1.Model of influenza virus budding. A) The initiation of virus budding caused by clustering of HA (shown in red) and NA (shown in orange) in lipid raft domains. M1 (shown in
purple) is seen binding to the cytoplasmic tails of HA and NA and serves as a docking site for the vRNPs (shown in yellow). B) Elongation of the budding virion caused by
polymerization of the M1 protein, resulting in a polarized localization of the vRNPs. M2 (shown in blue) is recruited to the periphery of the budding virus though interactions with
M1. C) Membrane scission caused by the insertion of the M2 amphipathic helix at the lipid phase boundary, altering membrane curvature at the neck of the budding virus and
leading to release of the budding virus. D) Overview of the budding of influenza viruses, showing the coalescence of HA and NA containing lipid rafts (shown in yellow), the
formation of a filamentous virion and membrane scission caused by M2 clustered at the neck of the budding virus.
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How are shape changes caused by: 
n  Protein structure 
n  Membrane structure 

 
 

Research questions 



Possible simple mechanism 

Proposed mechanism for surface  
binding proteins 
 (Bhatia, Stamou, et al, EMBO J. 2009) 

o  Hydrophobic part wedges 
into membrane defects  

o  Higher curvature (bending  
 membrane more) à more defects  
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Figures from Baumgart et al (2011), Bhatia et al (2009). 



Statistical model 
Just like a gas adsorbing to a metal surface 
 
 
 
 
 
 
Gives a functional form that can be tested 
 

 

� 

B [P]( ) = Bmax
1+ Kd [P]

� 

B ≡ bound protein
membrane area

� 

P[ ]≡ protein concentration

à Langmuir isotherm 

� 

Kd ≡ P[ ] L[ ]
PL[ ]  dissocation constant



Experimental methods 
Optical studies: 

 quantitative confocal microscopy 
 image processing 
 fluorescence correlation spectroscopy 

 
  à 

Integrated internal intensity 



What makes teaching physics 
effective for life science 
students?  
 

Collaboration with curriculum developers at Universities 
of Maryland and Minnesota  

and Ann Renninger (Education) 



o  How do life science examples aid 
students in learning physics? 

o  Are some life science examples better 
than others? 

 
 

Research questions 



To learn more .... 

I’m always happy to talk about these exciting 
questions! 

ccrouch1@swarthmore.edu 
 


