
 

3,3’-thiodipropanol as a mounting medium 
for high resolution microscopy: a 

comparative analysis with similar thiols. 

MAESTRÍA EN CIENCIAS (ÓPTICA)

 
 

 

GRADO EN QUE SE PRESENTA LA TESIS 
Asesor 

Dra. Valeria Piazza 

Presenta 

Lic. Milvia Iris Alata Tejedo 

Noviembre de 2017 

León, Guanajuato, 

México 



 

 

 



 

 

 

 

 

 

 

 

 

 

 



 

 

 



 

 

 



 

 



 

 



 

 



 

 

 



 

 



 

 



 

 



 

 



 

 

𝑛 

(𝑛1 = 𝑛2)



 

 

𝑛1

 𝑛2

𝜃1  𝜃2

𝑛1 > 𝑛2

𝑛1 >

𝑛2 𝜃1

𝜃2 

∆s ∆f

∆𝑠 𝑧

∆f

                                                   ∆f =
tan 𝜃1

tan 𝜃2
∆𝑠                                                                               (1.1)

𝑁𝐴 = 𝑛1 sin 𝜃1

                                              ∆𝑓 =
tan [sin−1 (

𝑁𝐴
𝑛1

)] 

tan [sin−1 (
𝑁𝐴
𝑛2

)]
∆𝑠                                                            (1.2)

∆s

∆f

a) b) 



 

 

𝒏𝟏 𝜽𝟏 = 𝟔𝟕°

𝒏𝟐 ∆𝐬

∆𝐟

∆s

∆f

∆s

∆f

𝑁𝐴 = 1.4 𝜃1 = 67°

𝑛2  𝑛1

𝑛1 > 𝑛2 𝑛2 > 𝑛1

                                                 𝑛1 sin 𝜃1 =  𝑛2 sin 𝜃2                                                                     (1.3)



 

 

𝜃2 = sin−1 (
𝑛1 sin 𝜃1

𝑛2
)

𝑛1 = 1.518, 𝑛2 = 1.333

𝜃1 = 67°  sin 𝜃2 =  1.05. sin 𝜃

 sin 𝜃1 = 1

 1.3



 

 

𝑥𝑦

𝑁𝐴

                                                𝑟𝑙𝑎𝑡𝑒𝑟𝑎𝑙 = 0.61
𝜆0

𝑁𝐴𝑜𝑏𝑗
                                                                    (1.4)

𝑟 𝜆0

𝑁𝐴𝑜𝑏𝑗

𝜃1

                                                      𝑟𝑎𝑥𝑖𝑎𝑙 =
2𝜆0𝑛 

𝑁𝐴𝑜𝑏𝑗
2                                                                           (1.5)

𝑁𝐴𝑜𝑏𝑗

𝜃1  𝑛

 𝑟𝑎𝑥𝑖𝑎𝑙

 𝑁𝐴𝑜𝑏𝑗



 

 

𝑑𝐴 𝐴

                                                            Φ𝑛,𝑑𝐴 ∝ 𝑑𝐴𝜋𝑁𝐴2                                                                (1.6)

Φ𝑛,𝑑𝐴 𝑑𝐴

𝑁𝐴2

𝜆

, 𝑁𝐴 𝑛 sin 𝛼 < 1

𝑑 =
𝜆

2 𝑁𝐴



 

 



 

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝐶𝑜𝑛𝑡𝑟𝑎𝑠𝑡 =  [(𝐼𝑏 −  𝐼𝑠)/𝐼𝑏] 𝑥 100

𝑰𝒃 𝑰𝒔 



 

 

 



 

 

∆𝐴

𝜑



 

 

.  



 

 



 

 



 

 



 

 

a) b) c) 



 

 

100 𝜇𝑚



 

 



 

 



 

 



 

 

 

 

 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 



 

 

Phalloidin 



 

 

                                    𝑚𝑖𝒂𝒊 = 𝑓𝑖  ,                    𝒇𝒊 = −
𝜕𝑈

𝜕𝒓𝑖
                                                           (1.8)

𝑓𝑖 𝑈(𝑟𝑁) 𝑟𝑁 =

(𝑟1, 𝑟2, … , 𝑟𝑁)



 

 

                                           
𝑑𝒓𝒊

𝑑𝑡
= 𝒗𝑖 ,                

𝑑𝒗𝒊

𝑑𝑡
=

𝒇𝑖

𝑚𝑖
                                                             (1.9)

   𝑟𝑖+1 = 𝑟𝑖 + 𝛿𝑡𝑣𝑖  ,                  𝑣𝑖+1 = 𝑣𝑖 +
𝛿𝑡𝑓𝑖

𝑚

𝛿𝑡

𝑛𝑚 =  10−9 𝑛𝑚

𝑈 (𝑢𝑛𝑖𝑓𝑖𝑒𝑑 𝑎𝑡𝑜𝑚𝑖𝑐 𝑚𝑎𝑠𝑠 𝑢𝑛𝑖𝑡) = 1.660538921 × 10−27 𝑘𝑔

𝑝𝑠 =  10−12 𝑠

𝑒 =  𝑒𝑙𝑒𝑚𝑒𝑛𝑡𝑎𝑟𝑦 𝑐ℎ𝑎𝑟𝑔𝑒 =  1.602176565𝑥10−19 𝐶



 

 

𝑟𝜎−1

𝑚 𝑀−1

𝑇 𝜎−1

𝐾𝐵 𝑇 𝜖−1

𝐸 𝜖−1

𝐹 𝜎 𝜖−1

𝑃 𝜎3 𝜖−1

𝑣 √
𝑀

𝜖

𝜌 ∗ 𝑁 𝜎3 𝑉−1

                                                    𝑉𝐿𝐽 = [(
𝜎

𝑟
)

12

− (
𝜎

𝑟
)

6

]                                                             (1.11)



 

 

 

𝑟

𝑣

 

                                                                     𝑓𝑖 = −
𝜕𝑈

𝜕𝑟𝑖
                                                                  (1.12)



 

 

                                                                      𝑓𝑖 = ∑ 𝑓𝑖𝑗

𝑗

                                                               (1.13)

 

                                                  
𝑑𝒓𝒊

𝑑𝑡
= 𝒗𝑖 ,                

𝑑𝒗𝒊

𝑑𝑡
=

𝒇𝑖

𝑚𝑖
                                                   (1.14)

 

𝑟 𝑡  𝑣 𝑡 −
1

2
𝛿𝑡

𝑓(𝑡)

𝑡

                                 𝒗 (𝑡 +
1

2
𝛿𝑡) = 𝒗 (𝑡 −

1

2
𝛿𝑡) +

𝛿𝑡

𝑚
𝒇(𝑡)                                                    (1.15)

                                  𝒓(𝑡 + 𝛿𝑡) = 𝒓(𝑡) + 𝛿𝑡𝒗 (𝑡 +
1

2
𝛿𝑡)                                                        (1.16)



 

 

                     𝒓(𝑡  + 𝛿𝑡) =  2𝒓(𝑡) − 𝒓(𝑡 − 𝛿𝑡) +
1

𝑚
𝒇(𝑡)𝛿𝑡

2 + 𝑂(𝛿𝑡
4)                                 (1.17)

𝑟 

                                             𝒗 (𝑡 +
1

2
𝛿𝑡) = 𝒗(𝑡) +

𝛿𝑡

2𝑚
𝒇(𝑡)                                                    (1.18)

                                            𝒓(𝑡 + 𝛿𝑡) = 𝒓(𝑡) + 𝛿𝑡𝒗 (𝑡 +
1

2
𝛿𝑡)                                              (1.19)

                                     𝒗(𝑡 + 𝛿𝑡) = 𝒗 (𝑡 +
1

2
𝛿𝑡) +

𝛿𝑡

2𝑚
𝒇(𝑡 + 𝛿𝑡)                                         (1.20)



 

 

 

 

 



 

 

 

2
0

2
0

12 6

1 ( )
2
1 ( )
2

[1 cos( )]
2

( )

[ ]

r

bonds

angles

n

torsions

improper

i j

elec ij

ij ij

LJ ij ij

U k r r

k

V
n

V improper torsion

q q

r

A B

r r

  

 

 

 

  





 















 

 

𝑛𝑒
23 =

1.515



 

 



 

 



 

 

 𝑛𝐷 𝑛𝑒

𝑛



 

 

a) 

c) d) 

b) 



 

 

 𝛿

𝑛 = 𝐵0 + 𝐵1𝜆−2 𝐵0

𝐵1

𝑛 = 𝐵0 +
𝐵1

𝜆2 +
𝐵2

𝜆4 +
𝐵3

𝜆6 𝐵0 𝐵1



 

 

𝑄𝑌𝑅𝑒𝑙 𝑄𝑌𝑅𝑒𝑙 

 𝑄𝑌𝑅𝑒𝑙 =
𝐴𝑏𝑠𝑃𝐵𝑆

𝐴𝑏𝑠𝑇𝐷𝑋
∙

𝐸𝑚𝑇𝐷𝑋

𝐸𝑚𝑃𝐵𝑆



 

 

 



 

 

 

25 𝑐𝑚2

 

 

 

 



 

 

 

 

 

 

a) 

c) b) 



 

 

 

 

 



 

 



 

 



 

 



 

 



 

 



 

 

𝒏𝑫
𝟐𝟎 

𝑛 = 0.00179𝐶 + 1.33682

𝑛 = 0.00172𝐶 + 1.33484

𝑛 = 9.42588 × 10−4𝐶 + 1.33554

𝐶



 

 

𝑛



 

 



 

 

𝑩𝟎 1.51621 1.48936 1.4392 1.50445

𝑩𝟏 −10275.92366 5703.5341 3848.92341 3193.88511

𝑩𝟐 4.35279 × 109 −3.0928 × 108 −8.69759 × 106 1.55428 × 108

𝑩𝟑 −4.17241 × 1014 1 1 1

𝑹𝟐 0.940035 0.940022 0.988447 0.978820

𝑅2)

𝑛 = 𝐵0 +
𝐵1

𝜆2 +
𝐵2

𝜆4 +
𝐵3

𝜆6



 

 

𝑄𝑦𝑟𝑒𝑙



 

 



 

 

𝜆 (𝑛𝑚

𝜆 (𝑛𝑚

𝜆 (𝑛𝑚)

𝜆 (𝑛𝑚)

𝜆 (𝑛𝑚)

𝜆 (𝑛𝑚)

𝜆 (𝑛𝑚)

𝜆 (𝑛𝑚)

𝑸𝒀𝒓𝒆𝒍𝑻𝑫𝑬

𝐴𝑏𝑠𝑃𝐵𝑆

𝐴𝑏𝑠𝑇𝐷𝐸/𝑃
∙

𝐸𝑚𝑇𝐷𝐸/𝑃

𝐸𝑚𝑃𝐵𝑆𝑸𝒀𝒓𝒆𝒍𝑻𝑫𝑷



 

 



 

 

30 𝜇𝑚

  

 

 

 

 

 

 

 

 

a) b) 

c) d) 



 

 

30 𝜇𝑚

a) b) 

c) d) 



 

 

: 30 𝜇𝑚

a) b) 



 

 

a) b) 



 

 

  



 

 

  

  

 30 𝜇𝑚



 

 

30 𝜇𝑚



 

 

30 𝜇𝑚



 

 



 

 

30 𝜇𝑚



 

 

  

30 𝜇𝑚



 

 



 

 

 



 

 



 

 



 

 



 

 



 

 



 

 

∆𝑇 = 50 𝐾



 

 

∆𝑇 = 50 𝐾



 

 



 

 

 



 

 



 

 

 

 



 

 

[1] J. Hogg, The Microscope: Its History, Construction, and Applications. Illustrated 
London Libr., 1834. 

2. Greenberg, G. L. The light microscope: Its use and development By W.G. Hartley 
Senecio Publishing Co., Oxford (1993) ISBN 0–906831–05–9 

[3] Pawley, Handbook of Biological Confocal Microscopy. Springer Science & Business 
Media, 2010. 

[4] S. Hell, G. Reiner, C. Cremer, and E. H. K. Stelzer, “Aberrations in confocal 
fluorescence microscopy induced by mismatches in refractive index,” J. Microsc., vol. 
169, no. 3, pp. 391–405, Mar. 1993. 

[5] T. D. Visser, J. L. Oud, and G. J. Brakenhoff, “Refractive index and axial distance 
measurements in 3-D microscopy,” Optik, vol. 90, no. 1, pp. 17–19, 1992. 

[6] P. Török, P. Varga, Z. Laczik, and G. R. Booker, “Electromagnetic diffraction of light 
focused through a planar interface between materials of mismatched refractive 
indices: an integral representation,” JOSA A, vol. 12, no. 2, pp. 325–332, Feb. 1995. 

[7] K. Carlsson, “The influence of specimen refractive index, detector signal integration, 
and non-uniform scan speed on the imaging properties in confocal microscopy,” J. 

Microsc., vol. 163, no. 2, pp. 167–178, Aug. 1991. 
[8] I. Escobar, G. Saavedra, M. Martínez-Corral, and J. Lancis, “Reduction of the 

spherical aberration effect in high-numerical-aperture optical scanning instruments,” 
JOSA A, vol. 23, no. 12, pp. 3150–3155, Dec. 2006. 

9. Wiley: Fluorescence Microscopy: From Principles to Biological Applications, 2nd 
Edition - Ulrich Kubitscheck. 

[10] E. Abbe, “Beiträge zur Theorie des Mikroskops und der mikroskopischen 
Wahrnehmung.” 

[11] L. R. S. R. S, “XV. On the theory of optical images, with special reference to the 
microscope,” Lond. Edinb. Dublin Philos. Mag. J. Sci., vol. 42, no. 255, pp. 167–195, 
Aug. 1896. 

[12] A. Egner and S. W. Hell, “Fluorescence microscopy with super-resolved optical 
sections,” Trends Cell Biol., vol. 15, no. 4, pp. 207–215, Apr. 2005. 

[13] W. Ockenga, “Optical Contrast Methods,” Leica Sci., Jun. 2011. 
[14] F. Zernike, “How I discovered phase contrast,” Science, vol. 121, no. 3141, pp. 345–

349, Mar. 1955. 
[15] L. Schermelleh, R. Heintzmann, and H. Leonhardt, “A guide to super-resolution 

fluorescence microscopy,” J. Cell Biol., vol. 190, no. 2, pp. 165–175, Jul. 2010. 
[16] M. J. Sanderson, I. Smith, I. Parker, and M. D. Bootman, “Fluorescence Microscopy,” 

Cold Spring Harb. Protoc., vol. 2014, no. 10, p. pdb.top071795, Oct. 2014. 
[17] P. Mazzarello, “A unifying concept: the history of cell theory,” Nat. Cell Biol., vol. 1, 

no. 1, pp. E13–E15, May 1999. 
18. Scherer, W. F., Syverton, J. T. & Gey, G. O. Studies on the propagation in vitro of 

Poliomyelitis viruses. J. Exp. Med. 97, 695–710 (1953). 
[19] H. Eagle, “Nutrition Needs of Mammalian Cells in Tissue Culture,” Science, vol. 122, 

no. 3168, pp. 501–504, 1955. 



 

 

[20] O. Shimomura, F. H. Johnson, and Y. Saiga, “Extraction, purification and properties 
of aequorin, a bioluminescent protein from the luminous hydromedusan, Aequorea,” 
J. Cell. Comp. Physiol., vol. 59, pp. 223–239, Jun. 1962. 

[21] P. R. Yadav, Cell Culture. Discovery Publishing House, 2008. 
[22] F. L. Graham, J. Smiley, W. C. Russell, and R. Nairn, “Characteristics of a human cell 

line transformed by DNA from human adenovirus type 5,” J. Gen. Virol., vol. 36, no. 
1, pp. 59–74, Jul. 1977. 

[23] J. L. Biedler, L. Helson, and B. A. Spengler, “Morphology and growth, 
tumorigenicity, and cytogenetics of human neuroblastoma cells in continuous 
culture,” Cancer Res., vol. 33, no. 11, pp. 2643–2652, Nov. 1973. 

[24] “ATCC: The Global Bioresource Center.” [Online]. Available: https://www.atcc.org/. 
[Accessed: 20-Oct-2017]. 

[25] D. Leyton-Puig, K. M. Kedziora, T. Isogai, B. van den Broek, K. Jalink, and M. 
Innocenti, “PFA fixation enables artifact-free super-resolution imaging of the actin 
cytoskeleton and associated proteins,” Biol. Open, vol. 5, no. 7, pp. 1001–1009, Jul. 
2016. 

[26] F. Capani, T. J. Deerinck, M. H. Ellisman, E. Bushong, M. Bobik, and M. E. Martone, 
“Phalloidin-eosin followed by photo-oxidation: a novel method for localizing F-actin 
at the light and electron microscopic levels,” J. Histochem. Cytochem. Off. J. 

Histochem. Soc., vol. 49, no. 11, pp. 1351–1361, Nov. 2001. 
[27] M. C. Jamur and C. Oliver, “Permeabilization of cell membranes,” Methods Mol. Biol. 

Clifton NJ, vol. 588, pp. 63–66, 2010. 
28. Wiley: Current Protocols Select: Methods and Applications in Microscopy and 

Imaging - Simon Watkins, Claudette St. Croix. 
[29] B. Alberts, A. Johnson, J. Lewis, M. Raff, K. Roberts, and P. Walter, “Looking at the 

Structure of Cells in the Microscope,” 2002. 
[30] N. Panchuk-Voloshina et al., “Alexa dyes, a series of new fluorescent dyes that yield 

exceptionally bright, photostable conjugates,” J. Histochem. Cytochem. Off. J. 

Histochem. Soc., vol. 47, no. 9, pp. 1179–1188, Sep. 1999. 
31. Immunological Properties of an Antibody Containing a Fluorescent 

Group.Experimental Biology and Medicine - Albert H. Coons, Hugh J. Creech, R. 
Norman Jones, 1941. 

[32] S. Ravikumar, R. Surekha, and R. Thavarajah, “Mounting media: An overview,” J. Dr 

NTR Univ. Health Sci., vol. 3, no. 5, p. 1, Mar. 2014. 
[33] “MilliporeSigma | United States,” Sigma-Aldrich. [Online]. Available: 

http://www.sigmaaldrich.com/united-states.html. [Accessed: 20-Oct-2017]. 
34.Biomeda gel/mount aqueous, http://carefordescientific.com/electron-biomeda-gel-

mount-aqueous-17985-10-100496-546-biomeda-gel-mount-aqueous-20ml-each-
20ml/. (Accessed: 20th October 2017) 

[35] “Vector Laboratories: State of the Art Labeling and Detection | Vector Labs.” 
[Online]. Available: https://vectorlabs.com/. [Accessed: 20-Oct-2017]. 

[36] “Thermo Fisher Scientific.” [Online]. Available: 
https://www.thermofisher.com/mx/es/home.html. [Accessed: 20-Oct-2017]. 

[37] T. Staudt, M. C. Lang, R. Medda, J. Engelhardt, and S. W. Hell, “2,2’-thiodiethanol: a 
new water soluble mounting medium for high resolution optical microscopy,” 
Microsc. Res. Tech., vol. 70, no. 1, pp. 1–9, Jan. 2007. 



 

 

[38] M. G. Gustafsson, D. A. Agard, and J. W. Sedat, “I5M: 3D widefield light microscopy 
with better than 100 nm axial resolution,” J. Microsc., vol. 195, no. Pt 1, pp. 10–16, 
Jul. 1999. 

[39] C. Fouquet et al., “Improving axial resolution in confocal microscopy with new high 
refractive index mounting media,” PloS One, vol. 10, no. 3, p. e0121096, 2015. 

[40] S. Bretschneider, C. Eggeling, and S. W. Hell, “Breaking the diffraction barrier in 
fluorescence microscopy by optical shelving,” Phys. Rev. Lett., vol. 98, no. 21, p. 
218103, May 2007. 

[41] M. Ono, T. Murakami, A. Kudo, M. Isshiki, H. Sawada, and A. Segawa, “Quantitative 
comparison of anti-fading mounting media for confocal laser scanning microscopy,” 
J. Histochem. Cytochem. Off. J. Histochem. Soc., vol. 49, no. 3, pp. 305–312, Mar. 
2001. 

[42] W. Zhu, Y. Knapp, and V. Deplano, “Low hazard refractive index and density-
matched fluid for quantitative imaging of concentrated suspensions of particles,” Exp. 

Fluids, vol. 57, no. 5, p. 68, May 2016. 
43. CRC Handbook of Chemistry and Physics, 84th Edition Edited by David R. Lide 

(National Institute of Standards and Technology). CRC Press LLC:  Boca Raton. 
2003. ISBN 0-8493-0484-9. J. Am. Chem. Soc. 126, 1586–1586 (2004). 

[44] “The PubChem Project.” [Online]. Available: https://pubchem.ncbi.nlm.nih.gov/. 
[Accessed: 28-Nov-2017]. 

[45] N. A. Campbell and J. B. Reece, Biology, 6th Edition, 6th edition. San Francisco: 
Benjamin Cummings, 2001. 

[46] G. M. Cooper, “Structure and Organization of Actin Filaments,” 2000. 
[47] T. Wieland, “The toxic peptides from Amanita mushrooms,” Int. J. Pept. Protein Res., 

vol. 22, no. 3, pp. 257–276, Sep. 1983. 
[48] E. M. De La Cruz and T. D. Pollard, “Transient kinetic analysis of rhodamine 

phalloidin binding to actin filaments,” Biochemistry (Mosc.), vol. 33, no. 48, pp. 
14387–14392, Dec. 1994. 

49.Thermo Fisher Scientific. Available at: 
https://www.thermofisher.com/search/supportSearch?type=Chemical+Structures&que
ry=12379. (Accessed: 28th November 2017) 

[50] G. Lukinavičius et al., “Fluorogenic probes for live-cell imaging of the cytoskeleton,” 
Nat. Methods, vol. 11, no. 7, pp. 731–733, Jul. 2014. 

[51] J. Riedl et al., “Lifeact: a versatile marker to visualize F-actin,” Nat. Methods, vol. 5, 
no. 7, p. 605, Jul. 2008. 

[52] A. Hospital, J. R. Goñi, M. Orozco, and J. L. Gelpí, “Molecular dynamics simulations: 
advances and applications,” Adv. Appl. Bioinforma. Chem. AABC, vol. 8, pp. 37–47, 
Nov. 2015. 

[53] M. P. Allen, “Introduction of Molecular Dynamics Simulation,” Comput. Soft Matter 

Synth. Polym. Proteins Lect. Notes Norbert Attig Kurt Bind. Helmut Grubmuller Kurt 

Kremer Eds NIC Ser., vol. vol 23, Jan. 2004. 
[54] E. Lindahl, B. Hess, and D. van der Spoel, “GROMACS 3.0: a package for molecular 

simulation and trajectory analysis,” Mol. Model. Annu., vol. 7, no. 8, pp. 306–317, 
Aug. 2001. 

[55] “Knowledge Base of Mini-Chrom Monochromators | Dynasil.” [Online]. Available: 
https://www.dynasil.com/product-category/mini-chrom-monochromators/. [Accessed: 
28-Nov-2017]. 



 

 

[56] J. Rheims, J. Köser, and T. Wriedt, “Refractive-index measurements in the near-IR 
using an Abbe refractometer,” Meas. Sci. Technol., vol. 8, no. 6, p. 601, 1997. 

[57] “Spectral characteristics of Molecular Probes actin-selective probes—Table 11.2.” 
[Online]. Available: 
https://www.thermofisher.com/mx/es/home/references/molecular-probes-the-
handbook/tables/spectral-characteristics-of-our-f-actin-selective-probes.html. 
[Accessed: 28-Nov-2017]. 

[58] A. Diaspro, F. Federici, and M. Robello, “Influence of refractive-index mismatch in 
high-resolution three-dimensional confocal microscopy,” Appl. Opt., vol. 41, no. 4, 
pp. 685–690, Feb. 2002. 

[59] “ChemicalBook---Chemical Search Engine.” [Online]. Available: 
http://www.chemicalbook.com/. [Accessed: 28-Nov-2017]. 

[60] A. Samoc, “Dispersion of refractive properties of solvents: Chloroform, toluene, 
benzene, and carbon disulfide in ultraviolet, visible, and near-infrared,” J. Appl. Phys., 
vol. 94, no. 9, pp. 6167–6174, Oct. 2003. 

[61] S. Kedenburg, M. Vieweg, T. Gissibl, and H. Giessen, “Linear refractive index and 
absorption measurements of nonlinear optical liquids in the visible and near-infrared 
spectral region,” Opt. Mater. Express, vol. 2, no. 11, pp. 1588–1611, Nov. 2012. 

[62] “Life Technologies.” [Online]. Available: 
https://www.thermofisher.com/mx/es/home.html. [Accessed: 28-Nov-2017]. 

[63] P. Maupin and T. D. Pollard, “Improved preservation and staining of HeLa cell actin 
filaments, clathrin-coated membranes, and other cytoplasmic structures by tannic 
acid-glutaraldehyde-saponin fixation,” J. Cell Biol., vol. 96, no. 1, pp. 51–62, Jan. 
1983. 

[64] “Search BioNumbers - The Database of Useful Biological Numbers.” [Online]. 
Available: 
http://bionumbers.hms.harvard.edu/search.aspx?log=y&task=searchbytrmorg&trm=sh
+sy+5y&time=2017%2f11%2f29+11%3a51%3a49.366. [Accessed: 29-Nov-2017]. 

[65] J. Schindelin et al., “Fiji: an open-source platform for biological-image analysis,” Nat. 

Methods, vol. 9, no. 7, pp. 676–682, Jul. 2012. 
[66] J. Pfaendtner, E. Lyman, T. D. Pollard, and G. A. Voth, “Structure and dynamics of 

the actin filament,” J. Mol. Biol., vol. 396, no. 2, pp. 252–263, Feb. 2010. 
[67] T. Oda, M. Iwasa, T. Aihara, Y. Maéda, and A. Narita, “The nature of the globular- to 

fibrous-actin transition,” Nature, vol. 457, no. 7228, pp. 441–445, Jan. 2009. 
[68] V. Zoete, M. A. Cuendet, A. Grosdidier, and O. Michielin, “SwissParam: A fast force 

field generation tool for small organic molecules,” J. Comput. Chem., vol. 32, no. 11, 
pp. 2359–2368, Aug. 2011. 

[69] J. J. Irwin, T. Sterling, M. M. Mysinger, E. S. Bolstad, and R. G. Coleman, “ZINC: A 
Free Tool to Discover Chemistry for Biology,” J. Chem. Inf. Model., vol. 52, no. 7, 
pp. 1757–1768, Jul. 2012. 



 

 



 

 

 


