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From the analysis on thermally induced shape fluctuation of stearoyl-oleoyl-PC (SOPC) 
vesicles containing cholesterol, Genova et al. (75) have revealed that the sample containing 10 
mol% cholesterol exhibits the minimum value of the bending elasticity modulus among all 
samples investigated. 
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Genova et al. (2004) have proved disaccharides, such as sucrose, trehalose influenced the 
bending elasticity of SOPC (l-stearoyl-2-oleoyl-sn-glycero-3-phosphocholine) lipid 
membranes [13]. 
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Glucose is a monosaccharide which is one of the most important carbohydrates in biology. The 
cell uses it as a source of energy and a metabolic intermediate (Genova et al. 2007).  

 

Цитирана публикация: Genova J., Vitkova V., Bivas I. Registration and analysis of the 
shape fluctuations of nearly spherical lipid vesicles (2013) Physical Review E - Statistical, 
Nonlinear, and Soft Matter Physics, 88 (2), 022707. 

Цитираща публикация: Montgomery, P.C., Leong-Hoi, A. Emerging optical nanoscopy 
techniques. Nanotechnology, Science and Applications. 2015. 8, A03, 31-44 

Figure 6 Measurement of dynamic thermal shape fluctuations of a giant vesicle using strobed 
phase-contrast microscopy. Reprinted with permission from Genova J, Vitkova V, Bivas I. 
Registration and analysis of the shape fluctuations of nearly spherical lipid vesicles. Phys Rev 
E Stat Nonlin Soft Mater Phys. 2013;88(2):022707. Copyright © 2013 by the American 
Physical Society. http://dx.doi.org/10.1103/PhysRevE.88.022707. (39) 
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and O Haeberlé. From superresolution to nanodetection: overview of far field optical nanoscopy 
techniques for nanostructures. 2015. Journal of Physics: Conference Series. 682(1), 012010. 

A second contrast enhancing technique is also presented, real time phase contrast microscopy 
to reveal the vibration modes of the 5 nm thick lipid walls of giant vesicles [16]. 

Selection criteria are used on the series of images of moving vesicles to retain only certain 
images that satisfy the requirements of the applied theory [16]. 

Figure 4. Measurement of dynamic thermal shape fluctuations of a giant vesicle using strobed 
phase contrast microscopywith (a) a single sample image of a vesicular contour with intensity 
profiles before (upper) and after processing (lower) and (b) a region of interest (ROI) containing 
the vesicular contour used to define selection criteria of the measured vesicles (courtesy of J. 
Genova et al. [16, 40], Laboratory of Liquid Crystals, ISSP, BAS, Sofia, Bulgaria). 

Цитираща публикация: Tonchev, N.S. Statistical Mechanics of Thermal Fluctuations of 
Nearly Spherical Membranes: the Influence of Bending and Stretching Elasticities. 2021. 
Physics of Particles and Nuclei. 52(2), 290-314. 

The real part a > 0 of s is chosen so that the integral in Eq. (21) is finite. It will be convenient 
to introduce a new dimensionless quantity σs = s 4πβKc. 
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Цитираща публикация: John F. Nagle, Michael S. Jablin, Stephanie Tristram-Nagle, Kiyotaka 
Akabori. What are the true values of the bending modulus of simple lipid bilayers?  
2015. Chemistry and Physics of Lipids. 185, 3-10. 

The same group, using the SA method exclusively, also reported a decreasing KC with 
increasing sucrose concentration, although the decrease was only about half as large as in Fig. 
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1 (Genova et al., 2006). Subsequently, decreasing KC was reported for other sugars (Genova 
et al., 2007), although, contrarily, maltose was reported not to decrease KC (Genova et al., 
2010). Fig. 1 also shows the most recent SOPC value (open square) with no sugar obtained after 
further development of the SA method (Genova et al., 2013). 

Цитираща публикация: Montgomery, P.C., Montaner, D., Anstotz, F., Serio, B. Wide field 
nanometric materials analysis by diffraction limited far field optical nanoscopy. 2012. Journal 
of Physics: Conference Series. 398(1),012001 

A more recent application of phase contrast microscopy in nano-characterization, is in the 
measurement of the elastic properties of lipid membranes through the study of thermal shape 
fluctuations of giant vesicles [9]. 

The strobed images (4 µs pulse duration) in figure 4 taken at intervals of 1 s show clearly such 
fluctuations. Strobing from 0.1 to 1 MHz is possible. The system has been used to successfully 
estimate the friction between the monolayers comprising the bilayer of the membrane, as well 
as the bending elasticity modulus of the blocked exchange of molecules between the 
monolayers [9]. 

Цитираща публикация: P C Montgomery, A Leong-Hoi, F Anstotz, D Mitev, L Pramatarova 
and O Haeberlé. From superresolution to nanodetection: overview of far field optical nanoscopy 
techniques for nanostructures. 2016. Journal of Physics: Conference Series. 682(1),012010  

The dynamic thermal shape fluctuations of giant vesicles (10 μm radius, figure 4(a)) have been 
studied using strobed phase contrast microscopy to reduce the measurement uncertainties of the 
bending elasticity of lipid membranes [40] 

Цитираща публикация: Montgomery, P.C., Leong-Hoi, A. Emerging optical nanoscopy 
techniques. 2015. Nanotechnology, Science and Applications. 2015. 8, A03, pp. 31-44 

In the field of biology, strobed phase-contrast microscopy has been used recently to characterize 
the bending elasticity of lipid membranes through the study of thermal shape fluctuations of 
giant, (10 µm radius) nearly spherical vesicles. (38) 

 

Цитирана публикация: Genova, J., Petrov, M., Bivas, I., Rafailov P, Naradikian, 
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membranes of the phospholipid SOPC and its mixtures with cholesterol. Colloids and 
Surfaces A: Physicochemical and Engineering Aspects, 2018, 557, 85–93.  

Цитираща публикация: Tai, P., Golding, M., Singh, H., Waterland, M., Everett, D.W. 
Cholesterol-phospholipid interactions resist the detergent effect of bovine bile (2021) Colloids 
and Surfaces B: Biointerfaces, 205, 111842. DOI: 10.1016/j.colsurfb.2021.111842 
 

A similar trend has been previously observed in 1-octadecanoyl-2–(9Z-octadecenoyl)-sn-
glycero3-phosphocholine (SOPC, 18:0; 18:1)/cholesterol bilayers [61]. The addition of ≥ 30% 
mol cholesterol induced phase separation of the cholesterol and SOPC, leading to no interchain 
interactions between the lipids; however, the intrachain ordering was conserved. 
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elasticity modulus of giant vesicles composed of Aeropyrum Pernix K1 archaeal lipid, Life 
5 (2) (2015) 1101–1110. 

Цитираща публикация: Bochicchio, D., Monticelli, L. The membrane bending modulus in 
experiments and simulations: A puzzling picture. 2016. Advances in Biomembranes and Lipid 
Self-Assembly, 23, 117-143. 

Fig. 1 Two images of a fluctuating GUV at different times, obtained from phase-contrast 
microscopy. Reprinted with permission from [26]. 

Цитирана публикация: Santhosh, P.B., Kiryakova, S.I., Genova, J.L., Ulrih, N.P. 
Influence of iron oxide nanoparticles on bending elasticity and bilayer fluidity of 
phosphotidylcholine liposomal membranes. Colloids and Surfaces A: Physicochemical 
and Engineering Aspects, 2014, 460, 248–253 

Цитираща публикация: Chandra Has (2020): Recent advancements to measure membrane 
mechanical and transport properties, Journal of Liposome Research, DOI: 
10.1080/08982104.2020.1850776. 

• The GUVs κc in pure water was found almost 25% less compared to that obtained in an 
aqueous solution containing silica-coated iron oxide nanoparticles (Santhosh et al. 
2014). 
 

• However, it was noted only a small effect when an aqueous solution of uncoated iron 
oxide was employed (Santhosh et al. 2014).  
 

• Fig. 1 Thermally-induced shape fluctuations of a stearoyloleoylphosphatidylcholine 
(SOPC) GUV under phase-contrast microscopy. The time-interval between each 
snapshot is several seconds. The vesicle interior and exterior solutions are identical. The 
bending rigidity of SOPC membrane in pure water is found to be 1 9 (1 .8 8 0 .1 7) 1 0 
− ± × J. Reprinted from Santhosh et al. (2014) with permission from Elsevier. 
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environments. 2015. CrystEngComm. 17(31), pp. 5953-5961 
 
In fact, such calcium concentration-dependent interaction has been recently reported. (39) 
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Yudi. Interaction of magnetic nanoparticles with phospholipid films adsorbed at a liquid/liquid 
interface.  
Phys. Chem. Chem. Phys., 2015,17, 414-421 

On the other hand, it has also been shown that silica coated iron oxide nanoparticles produce a 
decrease of 25% in the elasticity modulus of membranes. (7) 
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Similar results were also reported in (Santhosh et al., 2012, 2014). The results suggest that the 
NPs are interacting slightly with the lipid head groups for short exposer times (1 h), but, after a 
longer time, the NPs can be found predominantly in the hydrophobic core of the membrane and 
not embedded at the head group region.  
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The coral cells accommodate the adhesion of nZnOs to maintain suitable rigidity of the cellular 
membrane because nanoparticles soften the lipid membrane (Santhosh et al., 2014). 
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Although it is known that the interactions between membranes and NPs affect not only the 
elastic properties of the membranes, but also their fluidity,29 the influence of NPs on membrane 
dynamics is not fully understood.  
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encapsulations with iron-based nanoparticles. 2018. Nano Research11(6), pp. 2970-2991 

When the attraction force is strong enough to drive the membrane to bend and enwrap the 
nanoparticle (Fig. 3(a)) this results in the generation of a bud that encapsulates the nanoparticle 
and subsequently transports it into cell [117]. 
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IONP-exposed cells (Fig. 3) showed increased membrane ordering (decreased fluidity). 
Decreased membrane fluidity upon NP exposure has been reported in previous studies. (27) 
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We found that the KC value decreased for the range from 0.5 to 5 mol% by ~49%. So, the 
general trend, although not the absolute KC values of our results, agrees with those of 
Kiryakova et al 37. 
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Both micropipette aspiration and fluctuation spectroscopy on giant vesicles revealed a strong 
decrease in the bending rigidity of membranes when exposed to mono- and oligosaccharide 
solutions with concentration up to around 0.3 M. The impact of sucrose is illustrated in Fig. 9 
with data from Ref. [158]. 
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Here, Z[H(u; s)] is the partition function of the temperature dependent ”Hamiltonian” H(u; s) = 
Hc(u) + s β   1 8π nXmax n≥2 Xn m=−n (n + 2)(n − 1)(u m n ) 2 − ∆  , (22) of the 
system. 
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One peculiar method developed by Mitov and colleagues is an ingenious technique where sound 
waves generated by a loudspeaker are used to mechanically agitate phospholipid bilayers [35] 

 

Цитирана публикация: P.B. Santhosh, S. Penic, J. Genova, A. Iglic, V. Kralj-Iglic, N.P. 
Ulrih, A study on the interaction of nanoparticles with lipid membranes and their 

https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=56051836700&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=24471075300&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55880377800&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84915815137&origin=resultslist&sort=plf-f&cite=2-s2.0-84915815137&src=s&imp=t&sid=db5cdba61f310d9f57d081182bdaad3a&sot=cite&sdt=a&sl=0
https://www.scopus.com/record/display.uri?eid=2-s2.0-84915815137&origin=resultslist&sort=plf-f&cite=2-s2.0-84915815137&src=s&imp=t&sid=db5cdba61f310d9f57d081182bdaad3a&sot=cite&sdt=a&sl=0
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57200919149&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57202892502&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=57202887702&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6701860863&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6506590416&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85049670004&origin=resultslist&sort=plf-f&cite=2-s2.0-84915815137&src=s&imp=t&sid=db5cdba61f310d9f57d081182bdaad3a&sot=cite&sdt=a&sl=0&relpos=1&citeCnt=6&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85049670004&origin=resultslist&sort=plf-f&cite=2-s2.0-84915815137&src=s&imp=t&sid=db5cdba61f310d9f57d081182bdaad3a&sot=cite&sdt=a&sl=0&relpos=1&citeCnt=6&searchTerm=
https://www.scopus.com/sourceid/26970?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7004390355&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84899913470&origin=resultslist&sort=plf-f&cite=2-s2.0-84883870037&src=s&nlo=&nlr=&nls=&imp=t&sid=640e129f837d3f8a623a136c97201b04&sot=cite&sdt=a&sl=0&relpos=37&citeCnt=264&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84899913470&origin=resultslist&sort=plf-f&cite=2-s2.0-84883870037&src=s&nlo=&nlr=&nls=&imp=t&sid=640e129f837d3f8a623a136c97201b04&sot=cite&sdt=a&sl=0&relpos=37&citeCnt=264&searchTerm=
https://www.scopus.com/sourceid/26533?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=55880377800
https://www.scopus.com/record/display.uri?eid=2-s2.0-84877684986&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-84877684986&origin=resultslist
https://www.scopus.com/sourceid/11900154337?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=11041338400&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85104262256&origin=resultslist&sort=plf-f&cite=2-s2.0-84883870037&src=s&imp=t&sid=640e129f837d3f8a623a136c97201b04&sot=cite&sdt=a&sl=0&relpos=6&citeCnt=0&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-85104262256&origin=resultslist&sort=plf-f&cite=2-s2.0-84883870037&src=s&imp=t&sid=640e129f837d3f8a623a136c97201b04&sot=cite&sdt=a&sl=0&relpos=6&citeCnt=0&searchTerm=
https://www.scopus.com/sourceid/29485?origin=resultslist
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55913365400&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55880377800&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=6603741475&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=55507311400&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7006091549&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7003536946&zone=
https://www.scopus.com/authid/detail.uri?origin=resultslist&authorId=7003536946&zone=
https://www.scopus.com/record/display.uri?eid=2-s2.0-80053341342&origin=resultslist&sort=plf-f&cite=2-s2.0-80053341342&src=s&imp=t&sid=0b2c75d5edf7371535c403970048a292&sot=cite&sdt=a&sl=0
https://www.scopus.com/record/display.uri?eid=2-s2.0-80053341342&origin=resultslist&sort=plf-f&cite=2-s2.0-80053341342&src=s&imp=t&sid=0b2c75d5edf7371535c403970048a292&sot=cite&sdt=a&sl=0
https://www.scopus.com/record/display.uri?eid=2-s2.0-84877667858&origin=resultslist&sort=plf-f&cite=2-s2.0-80053341342&src=s&imp=t&sid=0b2c75d5edf7371535c403970048a292&sot=cite&sdt=a&sl=0&relpos=8&citeCnt=9&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84877667858&origin=resultslist&sort=plf-f&cite=2-s2.0-80053341342&src=s&imp=t&sid=0b2c75d5edf7371535c403970048a292&sot=cite&sdt=a&sl=0&relpos=8&citeCnt=9&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84877667858&origin=resultslist&sort=plf-f&cite=2-s2.0-80053341342&src=s&imp=t&sid=0b2c75d5edf7371535c403970048a292&sot=cite&sdt=a&sl=0&relpos=8&citeCnt=9&searchTerm=
https://www.scopus.com/record/display.uri?eid=2-s2.0-84877667858&origin=resultslist&sort=plf-f&cite=2-s2.0-80053341342&src=s&imp=t&sid=0b2c75d5edf7371535c403970048a292&sot=cite&sdt=a&sl=0&relpos=8&citeCnt=9&searchTerm=
https://www.scopus.com/sourceid/11900154337?origin=resultslist


influence on membrane fluidity. J. Phys. Conf. Ser. 398 (2012) 012034, 
http://dx.doi.org/10.1088/1742- 6596/398/1/012034. 

Цитираща публикация: Chamati, H. Theory of Phase Transitions. From Magnets to 
Biomembranes. Advances in Planar Lipid Bilayers and Liposomes. 2013. 17, pp. 237-285 

For small concentrations, the critical behavior is similar to its “pure” counterpart, but takes 
place at a different critical temperature, which depends upon the impurity concentration. This 
statement was proved experimentally by adding metallic nanoparticles to phospholipids [186]. 
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A more recent application of phase contrast microscopy in nanocharacterization, is in the 
measurement of the elastic properties of lipid membranes through the study of thermal shape 
fluctuations of giant vesicles [11]. 
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The strobed images (4 µs pulse duration) in figure 4 taken at intervals of 1 s show clearly such 
fluctuations. Strobing from 0.1 to 1 MHz is possible. The system has been used to successfully 
estimate the friction between the monolayers comprising the bilayer of the membrane, as well 
as the bending elasticity modulus of the blocked exchange of molecules between the 
monolayers [9]. 
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Using optical analysis of fluctuations, Genova et al. have shown that apparent liposome 
fluctuations and hence intrinsic bilayer rigidity of SOPC vesicles does not decrease by more 
than 40%, decaying from 25 kT to 15 kT in the presence of mono and di-saccharides up to 20% 
in weight [37]. 
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