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membranes. (2007) Journal of Optoelectronics and Advanced Materials, 9 (2), 427-430.

Hurupama nyonukanus: Van, H.T., Bui, T.N.H., Mai, Y.H., Nguyen, M.N.H., Pham, T.V., LE,
V.S., Doan, V.D., Le, P.T.Q. Chemical composition and antibacterial activities of ethanol
extract of Geodorum attenuatum griff. (orchidaceae) 2020. Gazi University Journal of Science
33(3), 613-620.

Genova et al. (2004) have proved disaccharides, such as sucrose, trehalose influenced the
bending elasticity of SOPC (I-stearoyl-2-oleoyl-sn-glycero-3-phosphocholine) lipid
membranes [13].

Hurtupama ny6mukanus: Slobodianiuk, L., Budniak, L., Marchyshyn, S., Kostyshyn,
L., Zakharchuk, O. Analysis of carbohydrates in Saponaria officinalis L. using GC/MS method.
2021. Pharmacia. 68(2), 339-345.
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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).

HuTupana nyoaukanus: 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.

utupama nyonukaiumsa: 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/PhysReVvE.88.022707. (39)

Hutupama nyoaukaius: 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. 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).

Hutupama nyonukanus: 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 os = s 4nfKc.

Hutupana nyoaukanus: Genova J, Zheliaskova A, Vitkova V and Mitov MD 2009
Stroboscopic illumination study of the dynamics of fluctuating vesicles J. Optoelectron.
Adv. Mater. 11 1222

Lurupama nyonukanus: 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).

utupama nyoaukaims: 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 ps 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].

Hutupama nyoaukarus: 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 um 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]

Hurtupama nyonukamumsa: 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 um radius) nearly spherical vesicles. (38)

Hurupana myoamkamusa: Genova, J., Petrov, M, Bivas, |, Rafailov P, Naradikian,
H., Katranchev, B. Fourier-transform infrared and Raman characterization of bilayer
membranes of the phospholipid SOPC and its mixtures with cholesterol. Colloids and
Surfaces A: Physicochemical and Engineering Aspects, 2018, 557, 85-93.

Iutupama nyoaukarwms: 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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Hutupana nyoiaukanus: J. Genova, N.P. Ulrih, V. Kralj-Iglic’, A. Iglic’, I. Bivas, Bending
elasticity modulus of giant vesicles composed of Aeropyrum Pernix K1 archaeal lipid, Life
5(2) (2015) 1101-1110.

utupama nyonukanus: 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].

HuTtupana myommkamusi: Santhosh, P.B., Kiryakova, S.l1., 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

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

e The GUVs kc 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).

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

e 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 foundtobe 19(1.880.17)10
— + x J. Reprinted from Santhosh et al. (2014) with permission from Elsevier.

Lurupama nyoavkamwms: C. Beato, M. S. Fernandez, S. Fermani,b M. Reggi, A. Neira-Carrillo,
A. Rao, G. Falini and J. L. Arias. Calcium carbonate crystallization in tailored constrained
environments. 2015. CrystEngComm. 17(31), pp. 5953-5961

In fact, such calcium concentration-dependent interaction has been recently reported. (39)

Hurtupama nyomukanus: C. . Camara, L. M. A. Monzon, J. M. D. Coey and L. M.
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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Hurupana nyoaukamusi: Santhosh P. B., Velikonja A., Perutkova S, Gongadze E.,
Kulkarni M., Genova J., Elersi¢ K., Igli¢ A., Kralj-Igli¢ V., and Ulrih N. P., Influence of
nanoparticle-membrane electrostatic interactions on membrane fluidity and bending
elasticity. Chemistry and Physics of Lipids, 2014, 178, pp. 52—-62

Hutupama nyomukamus: Claudia G. Chilom, Bogdan Zorild, Mihaela Bacalum, Maria
Bilasoiu, Roman Yaroslavtsev, Sergey V. Stolyar, Sergey Tyutyunnicov, Ferrihydrite
nanoparticles interaction with model lipid membranes, Chemistry and Physics of Lipids, 226,
2020, 104851,

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.

utupama nyoaukarus: Chuan-Ho Tang, Ching-Yu Lin, Shu-Hui Lee, and Wei-Hsien Wang.
Membrane lipid profiles of coral responded to zinc oxide nanoparticle-induced perturbations
on the cellular membrane. Agquatic Toxicology, 187, 2017,72-81,
https://doi.org/10.1016/j.aquatox.2017.03.021.

The coral cells accommodate the adhesion of nZnQOs to maintain suitable rigidity of the cellular
membrane because nanoparticles soften the lipid membrane (Santhosh et al., 2014).

utupama nyoaukaus: Nagao, M., Bradbury, R., Ansar, S. M., & Kitchens, C. L. (2020).
Effect of gold nanoparticle incorporation into oil-swollen surfactant lamellar
membranes. Structural dynamics (Melville, N.Y.), 7(6), 065102.
https://doi.org/10.1063/4.0000041

Although it is known that the interactions between membranes and NPs affect not only the
elastic properties of the membranes, but also their fluidity,? the influence of NPs on membrane
dynamics is not fully understood.

Hutupama nyonukamms: Ye, D., Li, Y. Gu, N. Magnetic labeling of natural lipid
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].

Iutupama nyonukanus: Angela Ivaska, Emily H. Pilkingtonc, Thomas Blinc, Aleksandr
Ké&kinenc, Heiki Vijab, Meeri Visnapuub, John F. Quinnc, Michael R. Whittakerc, Ruirui
Qiaoc, Thomas P. Davisc, Pu Chun Kec, and Nicolas H. Voelckera. Uptake and transcytosis of
functionalized superparamagnetic iron oxide nanoparticles in an in vitro blood brain barrier
model. 2018. Biomaterials Science. 6(2), 314-323.

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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“...Additionally, no pore formation was noted in the range of stretched membrane area
examined, consistent with experimental observations [62].”
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