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Single molecule biophysics point of view. The data is related to the research article “ultrafast
force-clamp spectroscopy of single molecules reveals load depen-
dence of myosin working stroke” [2].
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Subject area

More specific
subject area

Type of data

How data was
acquired

Data format

Experimental factors

Experimental
features

Data source location

Data accessibility

Biophysics
Single molecule force spectroscopy

Position records from an optical tweezers instrument
Custom double optical tweezers instrument

Raw and graph

Actin filaments were polymerized from a mixture of biotinylated and non-biotinilated G-actin.
Full-length myosin was digested to isolate the S1 motor unit subfragment. No pretreatment of data

A single actin filament was stretched between streptavidin-coated beads and interactions with a single
S1 myosin head were recorded under forces in the range —7 pN < F < +7 pN.

Sesto Fiorentino, Italy, LENS - European Laboratory for Non-linear Spectroscopy

The raw data files are provided in the Data in Brief Dataverse,

https://doi.org/10.7910/DVN/AVYONR [1]. All other data is with this article
Capitanio et al. “ultrafast force-clamp spectroscopy of single molecules reveals load dependence
of myosin working stroke”, Nature Methods 9, 1013—1019 (2012)

Related research
article

Value of the data

e Ultrafast force-clamp spectroscopy is a unique technique with a temporal resolution about 2 order of magnitude higher
than conventional single molecule techniques [2—4]. Therefore, the shared data might contain valuable information on
rapid mechanosensitive states and conformational changes occurring during the acto-myosin interaction.

e Although the authors developed methods to analyze ultrafast force-clamp data [5,6], improvements in data analysis, for
example using differential detection between the two trap channels [7], correlative detection [8], step detection
algorithms [9], might reveal hidden properties on the acto-myosin interaction.

e Models of acto-myosin interaction rely to a great extent on single molecule data [10—14]. Single molecule high-resolution
data are therefore fundamental to define and test such models.

1. Data

Data shared here are from a set of 18 measurements of 100 s in which forces in the range about —7
PN < F < +7 pN where applied during the interaction between a single skeletal muscle myosin S1
subfragment and an actin filament in the presence of 15 uM [ATP]. Lifetimes of the interactions were
analysed as in Refs. [2,5]. Cumulative distributions of the lifetime duration were well fitted by a triple
exponential function and the three detachment rates are reported in Fig. 1 as a function of force (for the
interpretation of the three detachment rates, see Capitanio et al. [2]). The supplemental files of this
data article include a data table (k1k2k3.csv) with the values reported in Fig. 1, together with Matlab
scripts to read (readUFCSheader.m and readUFCSdata.m), plot and convert the raw data (View-
UFCSFiles.m), as explained in the following section. The whole raw data set of 18 measurements can be
downloaded in Ref. [1], together with a table describing the applied force for each measurement
(measurements.xIsx).

The experimental parameters contained in the raw data are described in Fig. 2. Example plots of
position and force signals as displayed by the ViewUFCSFiles.m script are depicted in Fig. 3. Table 1
describe the raw data file header, which contains the values of the experimental parameters used
during data acquisition.

2. Experimental design, materials, and methods

Data are acquired using ultrafast force-clamp spectroscopy, which is extensively described else-
where [2,5]. Briefly, a single actin filament is trapped between two 0.5 um diameter beads (forming a
structure named herein “dumbbell”) and brought in close proximity to a third bead attached on the
coverslip surface, where a single skeletal muscle myosin S1 subfragment is present. Two voltage signals
(V1, V) proportional to the displacement of each of the two beads from the trap center along the
filament direction (Xpead1, Xbead2) are recorded from two quadrant photodiodes (QPD) (Fig. 2). These
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Fig. 1. Detachment rates of a single skeletal muscle myosin S1 from actin at various forces and 15 uM [ATP]. Following Capitanio
et al. [2], k; is the rate of detachment of myosin from actin after ATP binding, that is, at the end of the acto-myosin interaction cycle;
k; is the rate of detachment of myosin from actin at the very beginning of the cycle, when ADP and inorganic phosphate are still
bound; k; represents a premature unbinding of myosin from actin in the ADP or in the ADP and inorganic phosphate strong-binding
state.

QPD QPD

Xpeatr= B 1V, Xpeads™ B 5V,

]:N-n

.= N

aZZ

Xlrap2:

f, 7

2

Fig. 2. Sketch of the ultrafast force-clamp spectroscopy measurement. The figure shows voltage signals from the QPD (V;, V,) and
their relation to the bead displacements Xpeaq1, Xpead2 through the detector calibration factors B4,8,. The figure also shows the fre-
quencies fy, f; of the acoustic waves generated inside the two AODs and their relation with the trap positions X¢rap1, Xtrap2 through the
calibration factors a4,0,.
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Fig. 3. Example of a record portion as shown by the Matlab script ViewUFCSFiles.m. A) Force signals obtained from the voltage
signals V4, V, as Fi 2 = -kj 2 xbeady = - ki 2 P12 V1,2 B) Position signals obtained from the frequency signals fi, f> as Xrap1,2 = 01,2 f12.

signals are also proportional to the applied forces, as Fy 2 = -K1 2Xpead1,2, Where k is the trap stiffness and
indices 1,2 refers to the two traps. The two traps can be moved independently along x by using two
acousto-optic deflectors (AOD), where the position of the two traps in the sample plane along the
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Table 1
Description of the UFCS files header.

Header element number Format Description

1 uint32  header length (bytes)
2 uint32 filetype: 0, measurement data (not applicable to these data)
1, simulation data (not applicable to these data)
2, measurement data with force clamp
3, simulation data with force clamp (not applicable to these data)
4, calibration data (not applicable to these data)

3 uint32  acquisition sample rate (Hz)

4 float32 record duration (s)

5 uint32  number of channels

6 float64 date

7 float32 bead radius (nm)

8 float32 buffer viscosity (SI)

9 float32 temperature (°K)

10 float32 net force (pN)

11 float32 half-amplitude of the oscillation of the dumbbell when it moves in a confined spatial
interval during force-clamp (default 72 nm)

12 int32 proportional gain (default 60, arbitrary units)

13 int32 integral gain (default 0)

14 int32 differential gain (default 0)

15 float32 actin pre-tension measured on chO (pN)

16 float32 actin pre-tension measured on ch1 (pN)

17 float32 B4 (nm/V)

18 float32 B, (nm/V)

19 float32 stiffness k; (pN/nm)

20 float32 stiffness k, (pN/nm)

21 float32 pre-displacement chO (nm)

22 float32 pre-displacement ch1 (nm)

23 uint32  generation scan rate (ticks)

24 uint32  AOD power ch1 (0—255), value proportional to the amplitude of the acoustic
wave in the AOD of trap1

25 uint32  AOD power ch2 (0—255), value proportional to the amplitude of the acoustic
wave in the AOD of trap2

26 float32 distance between traps (MHz)

27 float32 laser power (W), at the exit of the laser

direction of the actin filament (X¢ap1, Xtrap2) is proportional to the AOD frequency (fj, f2). A double
feedback loop is then applied to the two AODs to maintain a constant net force on the filament F =
F1+F, by changing the AODs frequencies fj, f; to maintain Xpead1, Xpeadq2 constant. The force F is alter-
nated back and forth to maintain the dumbbell within a preset spatial interval as the dumbbell moves
in a triangular wave (Fig. 3). When myosin binds the filament, interactions are detected from the stall of
the dumbbell movement as the attached myosin counterbalances the force applied by the traps.

The voltage signals V4, V, from the QPDs are recorded together with feedback signals consisting in
the frequencies fj, f; of the acoustic waves generated inside the two AODs. Data is organized in a
proprietary raw format (named “UFCS”, from ultrafast force-clamp spectroscopy) consisting in a
header that contains all the experimental parameters used during data acquisition, followed by raw
data formed by 4 channels (2 QPD voltages + 2 AOD frequencies). Calibration of the trap stiffness ki >
and the detector calibration factors 4,8, were obtained before measurements using a power spectrum
method [15] and are recorded in the file header. We provide a Matlab script to read the header
(readUFCSheader.m), a script to read the data (readUFCSdata.m), and a script that use both read-
UFCSheader.m and readUFCSdata.m to load and visualize the data (ViewUFCSFiles.m). Data can be also
saved as an ASCII table that can be imported in Excel, Origin, or similar analysis software. The file to be
read must be in the current folder of Matlab and the filename written in a text file named UFCSfiles.txt.
Table 1 shows a description of the header. Fig. 3 shows an example of a portion of a record visualized
through the ViewUFCSFiles.m script.



M. Maffei et al. / Data in brief 25 (2019) 104017 5

Acknowledgments

This work was supported by the European Union's Horizon 2020 research and innovation program
under grant agreement no. 654148 Laserlab-Europe and by Ente Cassa di Risparmio di Firenze.

Transparency document

Transparency document associated with this article can be found in the online version at https://
doi.org/10.1016/j.dib.2019.104017.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.dib.2019.104017.

References

(1]

[2

(3]

[4

(5

[6

(7

[8

[9

[10]

[11]

[12]
[13]
[14]

[15]

M. Maffei, D. Beneventi, M. Canepari, R. Bottinelli, E.S. Pavone, M. Capitanio, Ultra-fast Force-Clamp Spectroscopy Data on
the Interaction between Skeletal Muscle Myosin and Actin, Harvard Dataverse, 2019. https://doi.org/10.7910/DVN/
AVYONR.

M. Capitanio, M. Canepari, M. Maffei, D. Beneventi, C. Monico, F. Vanzi, R. Bottinelli, E.S. Pavone, Ultrafast force-clamp
spectroscopy of single molecules reveals load dependence of myosin working stroke, Nat. Methods 9 (2012)
1013—-1019, https://doi.org/10.1038/nmeth.2152.

L. Gardini, S.M. Heissler, C. Arbore, Y.I. Yang, Y. Yang, J.R. Sellers, ES. Pavone, M. Capitanio, Dissecting myosin-5B
mechanosensitivity and calcium regulation at the single molecule level, Nat. Commun. 9 (2018) 2844, https://doi.org/
10.1038/s41467-018-05251-z.

A. Tempestini, C. Monico, L. Gardini, F. Vanzi, F.S. Pavone, M. Capitanio, Sliding of a single lac repressor protein along DNA is
tuned by DNA sequence and molecular switching, Nucleic Acids Res. 46 (2018) 50015011, https://doi.org/10.1093/nar/
gky208.

L. Gardini, A. Tempestini, F.S. Pavone, M. Capitanio, High-speed optical tweezers for the study of single molecular motors,
in: C. Lavelle (Ed.), Mol. Mot., Methods in Molecular Biology vol. 1805, Humana Press, New York, NY, 2018, pp. 151184,
https://doi.org/10.1007/978-1-4939-8556-2_9.

A. Sosa-Costa, LK. Piechocka, L. Gardini, ES. Pavone, M. Capitanio, M.F. Garcia-Parajo, C. Manzo, PLANT: a method for
detecting changes of slope in noisy trajectories, Biophys. ]. 114 (2018) 2044—2051, https://doi.org/10.1016/].BP].2018.04.
006.

J.R. Moffitt, Y.R. Chemla, D. Izhaky, C. Bustamante, Differential detection of dual traps improves the spatial resolution of
optical tweezers, Proc. Natl. Acad. Sci. U. S. A. 103 (2006) 9006—9011, https://doi.org/10.1073/pnas.0603342103.

A.D. Mehta, J.T. Finer, J.A. Spudich, Detection of single-molecule interactions using correlated thermal diffusion, Proc. Natl.
Acad. Sci. U. S. A 94 (1997) 7927—7931, https://doi.org/10.1073/PNAS.94.15.7927.

B.C. Carter, M. Vershinin, S.P. Gross, A comparison of step-detection methods: how well can you do? Biophys. J. 94 (2008)
306—319, https://doi.org/10.1529/biophysj.107.110601.

A. Mansson, Actomyosin based contraction: one mechanokinetic model from single molecules to muscle?, J. Muscle Res.
Cell Motil. 37 (n.d.). doi:10.1007/s10974-016-9458-0.

A. Mansson, M. Usaj, L. Moretto, D. Rassier, A. Mdnsson, M. Usaj, L. Moretto, D.E. Rassier, Do actomyosin single-molecule
mechanics data predict mechanics of contracting muscle? Int. J. Mol. Sci. 19 (2018) 1863, https://doi.org/10.3390/
ijms19071863.

A.E.-M. Clemen, M. Vilfan, J. Jaud, J. Zhang, M. B4, M. Rief, Force-dependent stepping kinetics of myosin-V, Biophys. ]. 88 (n.
d.) 4402—4410. doi:10.1529/biophys;j.104.053504.

L. Marcucci, T. Yanagida, From single molecule fluctuations to muscle contraction: a brownian model of a.F. Huxley's
hypotheses, PLoS One 7 (2012) e40042, https://doi.org/10.1371/journal.pone.0040042.

L. Marcucci, L. Truskinovsky, Mechanics of the power stroke in myosin II, Phys. Rev. E E. 81 (2010) 051915, https://doi.org/
10.1103/PhysReVvE.81.051915.

M. Capitanio, Optical tweezers, in: Y.L. Lyubchenko (Ed.), An Introd. To Single Mol. Biophys., CRC Press, Taylor & Francis
group, 2017.


https://doi.org/10.1016/j.dib.2019.104017
https://doi.org/10.1016/j.dib.2019.104017
https://doi.org/10.1016/j.dib.2019.104017
https://doi.org/10.7910/DVN/AVYONR
https://doi.org/10.7910/DVN/AVYONR
https://doi.org/10.1038/nmeth.2152
https://doi.org/10.1038/s41467-018-05251-z
https://doi.org/10.1038/s41467-018-05251-z
https://doi.org/10.1093/nar/gky208
https://doi.org/10.1093/nar/gky208
https://doi.org/10.1007/978-1-4939-8556-2_9
https://doi.org/10.1016/J.BPJ.2018.04.006
https://doi.org/10.1016/J.BPJ.2018.04.006
https://doi.org/10.1073/pnas.0603342103
https://doi.org/10.1073/PNAS.94.15.7927
https://doi.org/10.1529/biophysj.107.110601
https://doi.org/10.3390/ijms19071863
https://doi.org/10.3390/ijms19071863
https://doi.org/10.1371/journal.pone.0040042
https://doi.org/10.1103/PhysRevE.81.051915
https://doi.org/10.1103/PhysRevE.81.051915
http://refhub.elsevier.com/S2352-3409(19)30370-1/sref15
http://refhub.elsevier.com/S2352-3409(19)30370-1/sref15
http://refhub.elsevier.com/S2352-3409(19)30370-1/sref15

	Ultra-fast force-clamp spectroscopy data on the interaction between skeletal muscle myosin and actin
	1. Data
	2. Experimental design, materials, and methods
	Acknowledgments
	Transparency document
	Appendix A. Supplementary data
	References




