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Sodium lauroyl sarcosinate (SLS) is frequently used for the solubilization of inclusion bodies in vitro due
to its structural similarity to lipid plasma membrane. There are many factors that could influence protein
aggregation propensity, including overall protein surface charge and hydrophobicity. Here, the aggrega-
tion pathway of myoglobin protein was studied under different conditions (pH 3.5 and 7.4) in the pres-
ence of varying concentrations of SLS to evaluate the underlying forces dictating protein aggregation.
Data obtained from Rayleigh light scattering, ThT binding assay, and far-UV CD indicated that SLS have
different effects on the protein depending on its concentration and environmental conditions. In the pres-
ence of low concentrations of SLS (0.05–0.1 mM), no aggregation was detected at both pH conditions
tested. Whereas, as we reach higher SLS concentrations (0.5–10.0 mM), myoglobin started forming
larger-sized aggregates at pH 3.5 and not pH 7.4. These results suggest that electrostatics interactions
as well as hydrophobic forces play an important role in SLS-induced myoglobin aggregation.
� 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Studying protein-surfactant interactions is a very important
subject to grasp due to the repeated use of these surfactants in pro-
tein isolation steps after production and expression (Matsumiya
et al., 2017; Kumar et al., 2015). Many studies have previously
evaluated the effect of surfactants at low concentrations on the
aggregation and denaturation propensities of proteins and
compared those surfactants against other chemical denaturants
(e.g. guanidine hydrochloride and urea) (Singh et al., 2015; Khan
et al., 2016a,b). The continuous use of surfactants mandate deeper
evaluation of the nature of surfactant-protein interactions to fur-
ther understand the underlying mechanism of protein aggregation
and unfolding. Surfactants are found in two states (monomer or
micellar) depending on the concentration used (Rub et al., 2016;
Kumar et al., 2017), the concentration in which Micelles start form-
ing is termed critical micelle concentration (Rub et al., 2017a,b,c).
Monomeric and micellar surfactant interacts differently with pro-
teins (Khan et al., 2017). Monomeric surfactants are known to pro-
mote amyloid fibril formation in proteins while micellar
surfactants are not capable of inducing protein aggregation
(Gospodarczyk and Kozak, 2015). Among monomeric surfactants,
anionic ones such as sodium dodecyl sulphate (SDS) have been
evaluated before in terms of promoting amyloid fibril formation
in proteins (Khan et al., 2014a,b). Similar to SDS from a structural
and functional prospective, sodium lauroyl sarcosinate (SLS), used
commonly in protein isolation from inclusion bodies, is less stud-
ied in terms of its potential effect on protein aggregation. Struc-
turally, SLS contains a negatively charged hydrophilic carboxylate
head that is attached to a 12-carbon hydrophobic tail through an
amide linkage and its critical micellar concentration is found to
be around 14.5 in water (Fig. 1). SLS and SDS surfactants have their
similarities in structure as both have a negatively charged head
group, however, the nature of the head functional group between
the two is different where SDS harbors a sulphate group and SLS
has a carboxylate group. SDS and SLS share the same hydrophobic
tail. Many studies have evaluated and demonstrated the effect of
SDS on the amyloid-like aggregates formation of proteins, how-
ever, plenty of work remains to be done on SLS to evaluate similar
phenomenon.
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Fig. 1. A molecular model of negatively charged sodium lauroyl sarcosinate (SLS).
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Protein aggregation is directly linked to several neurodegenera-
tive disorders such as Alzheimer’s, Parkinson’s and Huntington’s
disease (Dobson, 2003; Chiti and Dobson, 2006). The pathogenesis
of these neurodegenerative diseases is still unclear and effective
treatments are momentarily lacking. Previous studies have
reported that other proteins not linked with any amyloid diseases
can also form amyloid-like aggregates under adverse stresses
(Litvinovich et al., 1998). These adverse stresses include extreme
temperatures and pH conditions as well as the presence of proteins
around different solvents and biological or synthetic molecules
(Stefani and Rigacci, 2013; Uversky and Fink, 2004). The induction
mechanism of protein aggregation by lipids from biological mem-
branes is still not clear (Roberts, 2014; Jelinek and Sheynis, 2010).
In this paper, lipid represented by SLS tail is used as a model sys-
tem to evaluate myoglobin aggregation propensity.

Myoglobin is a colored protein that contains heme as a pros-
thetic group. Myoglobin is a monomeric, oxygen-binding protein
that is largely found in muscle cells and highly used for conforma-
tional stability studies. The heme group exists in a hydrophobic
pocket and is attached directly to the imidazole groups of proximal
and distal histidines available for oxygen coordinate binding.
Structurally, myoglobin belongs to the alpha class of proteins as
it is composed of close to 75% alpha helices in its conformation.
The study aim to understand the main forces governing the inter-
actions between SLS and myoglobin under different pH conditions
(pH 3.5 and 7.4) for safer use of SLS during protein isolation and
production. These two pH conditions were chosen as a result of
the isoelectric (pI) point of myoglobin (�6.2). Myoglobin retains
a total net charge of +26.6 at pH 3.5 and a total net negative charge
of �7.3 at pH 7.4 (calculated through PROTEIN CALCULATOR v3.3
software).
2. Material and methods

Myoglobin from equine heart muscle lot no SLBD8797V, sarko-
syl lot no L9150 and Thioflavin T (ThT) were procured from Sigma-
Aldrich Chemical Co., St. Louis, MO, USA. All other reagents were
used in analytical grade. Milli-Q water was used throughout the
experiments.

2.1. Methods

Myoglobin concentration was measured spectrophotometri-
cally after dissolving it in 20 mM Tris–HCl buffer at pH 7.4. The dis-
solve myoglobin was filtered through PVDF 0.45 mm pore sized
syringe filters (Millipore Milex-HV). The concentration of filtered
myoglobin was calculated by bicinchoninic acid kit.

2.2. pH measurements

The pH of buffers was measured by Mettler Toledo pH meter
(seven easy S 20-K) with least count of 0.01 pH units, using an
Expert Pro3 in 10 type electrode. All buffers were filtered through
PVDF 0.45 mm syringe filters before use.
2.3. Light scattering measurements (RLS)

RLS was measured using Carry Eclipse fluorescence spectrofluo-
rometer attached to Peltier and a stirrer at constant rpm in room
temperature. RLS measurements were analyzed to characterize
the myoglobin aggregates in buffered solution. Samples containing
myoglobin alone and with various concentrations of SLS (0–10.0
mM) at pH 3.5 and 7.4 were excited at 350 nm and emission spec-
tra were recorded in the range of 300–400. The emission maxima
at 350 nm were plotted against the different SLS concentrations
used. The excitation and emission slit widths were kept constant
at 2.5 nm in all measurements. Myoglobin concentration was fixed
at 0.2 mg ml�1 in all samples. Before RLS measurements, all sam-
ples were incubated overnight at room temperature. The different
concentrations of SLS alone without any protein were also mea-
sured as control.

2.4. ThT binding assay

The SLS-induced amyloid fibril formation of myoglobin at dif-
ferent conditions was analyzed using ThT fluorescence assay. ThT
(at 5.0 lM concentration) was added to all pre-treated samples
of myoglobin alone or with 0.05, 0.1, 0.5, 1.0, 2.0, 5.0 and 10.0
mM of SLS. All samples were then incubated in the dark for 30
min. The fluorescence emission spectra of ThT incubated samples
were recorded at room temperature, and emission spectra were
scanned in the range of 470–600 nm after excitation at 440 nm.
The excitation and emission slits width were at 5.0 nm. Due to
their hydrophobic nature, ThT will bind to SLS. To minimize its
possible effect on the results, ThT fluorescence was measured in
samples containing different concentrations of SLS with no protein
present at respective pH conditions.

2.5. Circular dichroism spectroscopy

Far-UV CD spectropolarimeter was used to measure the changes
in secondary structure of myoglobin. Applied Photophysics,
Chirascan-Plus UK spectropolarimeter, was used to scan the far-
UV CD spectral region of myoglobin in the presence or absence
of SLS. A Far-UV CD spectrum was collected in the range of 200–
260 nm (1.0 nm steps) using Quartz cuvette with 0.1 cm path
length. The spectra of myoglobin protein (at a concentration of
0.2 mg ml�1) in the presence of varying SLS concentrations (0,
0.05, 0.1, 0.5, 0.7, 1.0, 1.5 mM) at pH 3.5 and 7.4 were recorded.
CD spectra of all treated and non-treated samples were averaged
from three scans. The far-UV CD results were expressed as mean
residual ellipticity (MRE) and defined as;

MRE ¼ hobsðmdeg=10x n x Cp x l

where hobs is the CD in millidegrees, n is the number of amino
acid of the myoglobin, l is the path length of cuvette in centimeters
and Cp is the molar fraction of myoglobin. The percent secondary
structure of myoglobin was calculated by an online sever ‘‘K2D2”.
3. Results and discussion

3.1. Light scattering measurements

Rayleigh light scattering (RLS) at 350 nm is a widely used probe
to monitor protein aggregation in solutions as light scattering sig-
nals increase drastically at these wavelengths as proteins start
aggregating (Khan et al., 2016a,b). As myoglobin gets exposed to
an increasing concentration of SLS, aggregation was seen only at
acidic pH conditions (Fig. 2). The light scattering signal of myo-
globin starts increasing drastically at SLS concentrations of 0.5
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Fig. 2. Rayleigh light scattering of myoglobin (0.2 mg ml�1) in the presence and
absence of SLS was examined by taking scattering at 350 nm after excitation at 350
nm wavelength. Myoglobin was treated with different concentrations of SLS (0.0–
10.0 mM) at pH 3.5 (-j-) and at pH 7.4 ( ) was plotted. All the treated and
untreated samples were incubated overnight prior to measurements at room
temperature.

Table 1
Spectroscopic data at pH 3.5 of SLS without protein added.

S. no. [SLS] mM alone F.I. at 485 nm Light scattering at 350 nm

1 0 0.77 13.77
2 0.05 0.63 13.87
3 0.1 0.54 14.75
4 1.0 0.69 13.78
5 2.0 0.78 16.67
6 5.0 0.84 19.87
7 10.0 0.98 18.98
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Fig. 3. Morphology of myoglobin (0.2 mg ml�1) aggregates was determined by ThT
fluorescence. ThT (5.0 lM) fluorescence intensity at 485 nmwas plotted against SLS
concentration at pH 3.5 (-j-) and 7.4 ( ) after excitation at 440 nm.
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mM to 10.0 mM at pH 3.5. Maximum light scattering was found to
be at 10 mM. On the other hand, at lower concentrations of SLS (i.e.
0.05 and 0.1 mM) at similar acidic conditions, light scattering was
found to be minimum and close to baseline. At neutral pH condi-
tions (pH 7.4), light scattering of all samples containing myoglobin
in the presence of SLS (0.05–10.0 mM) did not change and
remained close to baseline. RLS was also measured for samples
containing different concentrations of SLS with no protein present
at pH 3.5. Light scattering was found to be negligible, indicating
that SLS by itself it’s not forming any aggregates (data shown in
Table 1).
3.1.1. ThT binding assay
ThT is a yellow colored dye that fluoresces when bound to amy-

loid fibril (Suganthy et al., 2016). As amyloid fibrils start forming,
more hydrophobic patches from the protein get exposed. As a
result, an increase in the fluorescence signal of ThT would be
detected. Proteins with minimum exposure of hydrophobic
patches within their structures would not be bound by ThT, result-
ing in minimum or no increase in fluorescence signal intensity
(Kumar et al., 2014).

Results from ThT fluorescence intensity (485 nm) when plotted
against SLS concentration (Fig. 3) were in general agreement with
RLS results discussed above. Conformational alteration in myo-
globin were only detected when the protein was mixed with SLS
at acidic conditions, however, higher SLS concentrations (1 mM)
were necessary to induce fluorescence signal increase. Myoglobin
did not go through any conformational alterations when mixed
with SLS at concentrations of 0.5 mM and lower in acidic condi-
tions (pH 3.5) and at all SLS concentrations tested at neutral condi-
tions (pH 7.4). All spectroscopic data obtained at every condition
tested are shown in Table 2.

3.2. Circular dichroism (CD) measurements

The effect of increasing concentrations of SLS on the secondary
structure of myoglobin was investigated by far-UV circular dichro-
ism (far-UV CD). Far-UV CD spectrum of myoglobin at both pH con-
ditions tested exhibited two minima, first at 208 nm and second at
222 nm as expected from an alpha helical rich protein (Fig. 4)
(Khan et al., 2015; Rub et al., 2017a,b,c; Kumar et al., 2017; Dave
et al., 2010). At pH 7.4, increasing SLS surfactant concentration
did not influence conformational changes on the protein tested.
However, at pH 3.5, conformational changes on the protein
occurred at high SLS concentrations (0.5–1.5 mM). The change in
secondary structure of myoglobin at different conditions was cal-
culated by ‘‘K2D2” software and results are shown in Table 3. We
note from the table that a-helical content of myoglobin only
reduced in the presence of high SLS concentration at acidic condi-
tions and that b-sheet content increased at these SLS concentra-
tions as well, reflecting an aggregation event. Overall, far-UV CD
results come in agreement with RLS and ThT binding assay data
supporting SLS-induced myoglobin aggregation.
4. Discussion

Sodium lauroyl sarcosinate (SLS) is a widely used surfactant
especially during protein production. Evaluating the effect of SLS
on proteins under different environmental conditions would not
only help scientists to choose better conditions during protein pro-
duction stages, but also would shed some light into the nature of
interactions between SLS and proteins in general. Using multiple
biophysical techniques like Rayleigh light scattering, ThT binding
assay, and circular dischroism, different trends in terms of myo-
globin aggregation and conformational stability were seen in the
two conditions tested (pH 3.5 and 7.4). Myoglobin tended to loss
its conformational stability and aggregate faster when incubated
with high SLS concentrations in acidic conditions, however, in
basic conditions under all SLS concentrations tested, negligible
effects were seen in terms of aggregation induction and conforma-
tional instability were observed. The drastic effect of the presence
of SLS in relatively high concentrations on myoglobin under acidic
conditions could be explained by the induced electrostatic interac-
tions between the negatively charged SLS head and positive myo-
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Table 2
Spectroscopic data under various experimental conditions including control.

S. no. Condition pH 3.5 pH 7.4 pH 10 pH 11

F.I. at 485 nm Light
scattering
at 350 nm

F.I. at 485 nm Light
scattering
at 350 nm

F.I. at 485 nm Light
scattering
at 350 nm

F.I. at 485 nm Light
scattering
at 350 nm

1 Myoglobin alone 0.77 13.77 0.34 14.65 0.32 13.15 0.29 13.01
2 Myoglobin + 0.05 mM SLS 0.88 15.38 0.65 24.87 0.41 12.73 0.33 13.17
3 Myoglobin + 0.1 mM SLS 0.98 26.95 0.65 33.53 0.55 13.43 0.50 14.87
4 Myoglobin + 0.5 mM SLS 1.29 195.19 0.87 33.97 0.61 13.54 0.56 16.32
5 Myoglobin + 1.0 mM SLS 3.64 310.98 0.89 52.96 0.54 12.79 0.58 15.98
6 Myoglobin + 2.0 mM SLS 12.76 528.25 0.59 45.75 0.60 15.85 0.65 16.15
7 Myoglobin + 5.0 mM SLS 18.38 738.8 0.63 47.54 0.42 17.50 0.62 15.90
8 Myoglobin + 7.0 mM SLS 18.98 807.65 0.67 45.65 0.56 14.31 0.59 13.89
9 Myoglobin + 10.0 mM SLS 19.76 854.76 0.69 75.76 0.73 15.12 0.87 14.76

Table 3
Percentage of secondary structure change of myoglobin estimated at different conditions by K2D2 software.

S. no. Conditions pH 3.5 pH 7.4

% a-helix % b-sheet % a-helix % b-sheet

1 Myoglobin 74.41 2.43 78.32 1.97
2 Myoglobin + 0.05 mM SLS 74.41 2.43 78.39 1.98
3 Myoglobin + 0.1 mM SLS 73.53 2.43 79.78 1.12
4 Myoglobin + 0.7 mM SLS 43.65 8.43 81.32 1.42
5 Myoglobin + 1.0 mM SLS 37.54 10.45 82.98 1.21
6 Myoglobin + 1.5 mM SLS 50.17 12.43 82.34 1.41
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globin (resulting from protonated Lysines, Arginines, and Histidi-
nes). Such interactions would facilitate other interactions between
the two to happen. Hydrophobic interactions, for example, would
occur between SLS tail and myoglobin resulting in the disruption
of the water layer covering the protein surface and exacerbate
aggregation propensity. Similar type of behavior was discussed
before using five different variants of serum albumin protein
(human, bovine, porcine, sheep and rabbit) (Khan et al., 2014a,b).
In this paper, these variants were incubated at pH 3.5 with three
different types of negatively charged surfactants (sodium dodecyl
sulphate (SDS), sodium dodecylbenzene sulfonate (SDBS) and
sodium bis-(2-ethyl-1-hexyl) sulfosuccinate (AOT)). Light scatter-
ing was assessed and similar conclusions to ours were found. In
another paper using human serum albumin, ThT binding assay
was used to assess the influence of quaternary amine of rosin
diethylaminoethyl ester (QRMAE) (Ishtikhar et al., 2015). The
results concluded conformational destabilization with increasing
concentration of QRMAE, similar to results presented in this paper.

5. Conclusion

In this study, we tried to assess the effect of increasing concen-
trations of sodium lauroyl sarcosinate on the colloidal and confor-
mational stability of myoglobin using different biophysical
techniques. Results were in agreement with each other and factors
responsible for protein instability were primarily pH and SLS con-
centration. Acidic conditions were found to be strong inducers for
conformational alterations and aggregation, whereas, at neutral
conditions, increasing SLS concentration did not have any detect-
able effect on the protein. The driving forces for conformational
alterations and aggregation were found to be electrostatic and
hydrophobic in nature. Initial interactions through electrostatic
forces are believed to be the rate-limiting step for the protein to
aggregate.

Acknowledgment

The author extends his appreciation to the Deanship of Scien-
tific Research and the Research Center, College of Pharmacy, King
Saud University for their funding of this research.

References

Chiti, F., Dobson, C.M., 2006. Protein misfolding, functional amyloid and human
disease. Annu. Rev. Biochem. 75, 333–366.

Dave, S., Dkhar, H.K., Singh, M.P., Gupta, G., Chandra, V., Mahajan, S., Gupta, P., 2010.
Hexafluoroisopropanol-induced helix-sheet transition of stem bromelain:
correlation to function. Int. J. Biochem. Cell Biol. 42 (6), 938–947.

Dobson, C.M., 2003. Protein folding and misfolding. Nature 426, 884–890.
Gospodarczyk, W., Kozak, M., 2015. Interaction of two imidazolium gemini

surfactants with two model proteins BSA and HEWL. Colloid. Polym. Sci. 293
(10), 2855–2866.

Ishtikhar, M., Chandel, T.I., Ahmad, A., Ali, M.S., Al-lohadan, H.A., Atta, A.M., Khan, R.
H., 2015. Rosin surfactant QRMAE can be utilized as an amorphous aggregate
inducer: a case study of mammalian serum albumin. PLoS One 10 (9),
e0139027.
Jelinek, R., Sheynis, T., 2010. Amyloid�membrane interactions: experimental
approaches and techniques. Curr. Protein. Pept. Sci. 11, 372–384.

Khan, J.M., Abdulrehman, S.A., Zaidi, F.K., Gourinath, S., Khan, R.H., 2014a.
Hydrophobicity alone cannot trigger aggregation in protonated mammalian
serum albumins. Phys. Chem. Chem. Phys. 16 (11), 5150–5161.

Khan, J.M., Chaturvedi, S.K., Rahman, S.K., Ishtikhar, M., Qadeer, A., Ahmad, E., Khan,
R.H., 2014b. Protonation favors aggregation of lysozyme with SDS. Soft matter.
10 (15), 2591–2599.

Khan, J.M., Khan, M.S., Ali, M.S., Al-Shabib, N.A., Khan, R.H., 2016a.
Cetyltrimethylammonium bromide (CTAB) promotes amyloid fibril formation
in carbohydrate binding protein (concanavalin A) at physiological pH. RSC. Adv.
6 (44), 38100–38111.

Khan, J.M., Sharma, P., Arora, K., Kishor, N., Kaila, P., Guptasarma, P., 2016b. The
achilles ‘heel of ‘‘ultrastable” hyperthermophile proteins: submillimolar
concentrations of SDS stimulate rapid conformational change, aggregation,
and amyloid formation in proteins carrying overall positive charge.
Biochemistry 55 (28), 3920–3936.

Khan, M.V., Rabbani, G., Ishtikhar, M., Khan, S., Saini, G., Khan, R.H., 2015. Non-
fluorinated cosolvents: a potent amorphous aggregate inducer of
metalloproteinase-conalbumin (ovotransferrin). Int. J. Biol. Macromol. 78,
417–428.

Khan, J.M., Khan, M.S., Qadeer, A., Alsenaidy, M.A., Ahmed, A., Al-Shabib, N.A., Khan,
R.H., 2017. Cationic gemini surfactant (16-4-16) interact electrostatically with
anionic plant lectin and facilitates amyloid fibril formation at neutral pH.
Colloids Surf. A: Physicochem. Eng. Aspects 522, 494–502.

Kumar, S., Sharma, P., Arora, K., Raje, M., Guptasarma, P., 2014. Calcium binding to
beta-2-microglobulin at physiological pH drives the occurrence of
conformational changes which cause the protein to precipitate into
amorphous forms that subsequently transform into amyloid aggregates. PLoS
One 9 (4), e95725.

Kumar, E.K., Qumar, S., Prabhu, N.P., 2015. Sodium dodecyl sulphate (SDS) induced
changes in propensity and kinetics of a-lactalbumin fibrillation. Int. J. Biol.
Macromol. 81, 754–758.

Kumar, K.E., Prasad, D.K., Prabhu, P.N., 2017. Concentration dependent switch in the
kinetic pathway of lysozyme fibrillation: spectroscopic and microscopic
analysis. Spect. Acta A. Mol. Biomol. Spectrosc. 183, 187–194.

Litvinovich, S.V., Brew, S.A., Aota, S., Akiyama, S.K., Haudenschild, C., Ingham, K.C.,
1998. Formation of amyloid-like fibrils by self-association of a partially
unfolded fibronectin type III module. J. Mol. Biol. 280, 245–258.

Matsumiya, K., Suzuki, Y.A., Hirata, Y., Nambu, Y., Matsumura, Y., 2017. Protein-
surfactant interactions between bovine lactoferrin and sophorolipids under
neutral and acidic conditions. Biochem. Cell Biol. 95 (1), 126–132.

Roberts, C.J., 2014. Protein aggregation and its impact on product quality. Curr.
Opin. Biotechnol. 30, 211–217.

Rub, M.A., Khan, F., Sheikh, M.S., Azum, N., Asiri, A.M., 2016. Tensiometric,
fluorescence and 1H NMR study of mixed micellization of non-steroidal anti-
inflammatory drug sodium salt of ibuprofen in the presence of non-ionic
surfactant in aqueous/urea solutions. J. Chem. Thermodyn. 96, 196–207.

Rub, M.A., Khan, J.M., Azum, N., Asiri, A.M., 2017a. Influence of antidepressant
clomipramine hydrochloride drug on human serum albumin: Spectroscopic
study. J. Mol. Liq. 241, 91–98.

Rub, M.A., Azum, N., Asiri, A.M., 2017b. Binary mixtures of sodium salt of ibuprofen
and selected bile salts: interface, micellar, thermodynamic, and spectroscopic
study. J. Chem. Eng. Data 62 (10), 3216–3228.

Rub, M.A., Azum, N., Khan, F., Asiri, A.M., 2017c. Surface, micellar, and
thermodynamic properties of antidepressant drug nortriptyline hydrochloride
with TX-114 in aqueous/urea solutions. J. Phys. Org. Chem. 30, e3676.

Singh, R., Hassan, M.I., Islam, A., Ahmad, F., 2015. Cooperative unfolding of residual
structure in heat denatured proteins by urea and guanidinium chloride. PLoS
One. 10 (6), e0128740.

Stefani, M., Rigacci, S., 2013. Protein folding and aggregation into amyloid: the
interference by natural phenolic compounds. Int. J. Mol. Sci. 14, 12411–12457.

Suganthy, N., Sheeja, M.D., Devi, P.K., 2016. In vitro antiaggregation and
deaggregation potential of Rhizophora mucronata and its bioactive compound
(+)- catechin against Alzheimer’s beta amyloid peptide (25–35). Neurol. Res. 38
(12), 1041–1051.

Uversky, V.N., Fink, A.L., 2004. Conformational constraints for amyloid fibrillation:
the importance of being unfolded. Biochim. Biophys. Acta 1698, 131–153.

http://refhub.elsevier.com/S1319-0164(18)30029-X/h0005
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0005
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0010
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0010
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0010
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0015
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0020
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0020
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0020
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0025
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0025
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0025
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0025
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0030
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0030
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0030
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0035
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0035
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0035
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0040
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0040
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0040
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0045
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0045
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0045
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0045
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0050
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0050
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0050
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0050
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0050
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0050
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0055
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0055
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0055
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0055
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0060
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0060
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0060
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0060
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0065
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0065
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0065
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0065
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0065
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0070
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0070
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0070
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0075
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0075
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0075
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0085
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0085
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0085
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0090
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0090
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0090
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0095
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0095
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0100
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0100
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0100
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0100
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0100
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0105
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0105
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0105
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0110
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0110
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0110
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0115
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0115
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0115
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0120
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0120
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0120
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0125
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0125
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0130
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0130
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0130
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0130
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0135
http://refhub.elsevier.com/S1319-0164(18)30029-X/h0135

	Aggregation and conformational stability evaluation of myoglobin in the presence of ionic surfactant
	1 Introduction
	2 Material and methods
	2.1 Methods
	2.2 pH measurements
	2.3 Light scattering measurements (RLS)
	2.4 ThT binding assay
	2.5 Circular dichroism spectroscopy

	3 Results and discussion
	3.1 Light scattering measurements
	3.1.1 ThT binding assay

	3.2 Circular dichroism (CD) measurements

	4 Discussion
	5 Conclusion
	Acknowledgment
	References


