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Circular Dichroism (CD) spectroscopy is a widely used technique for the study of protein
structure. Numerous algorithms have been developed for the estimation of the secondary
structure composition from CD spectra. These methods often fail to provide acceptable results
on a/B mixed or B-structure-rich proteins. The problem arises from the spectral diversity of 3-
structures. In Micsonai et al., (2015) Proc. Natl. Acad. Sci. USA 112, E3095-E3103, we have
shown that the parallel/antiparallel orientation and the twisting of B-sheets account for the
observed spectral diversity. We developed the Beta Structure Selection (BeStSel) method for
the secondary structure estimation that takes the twist of B-structures into account. This
method can reliably distinguish parallel and antiparallel B-sheets and provides an improved
secondary structure estimation for a broad range of proteins. Moreover, the secondary
structure components applied by the method are characteristic to the protein fold and thus the
fold can be predicted to the level of topology in the CATH classification (Orengo et al., (1997)
Structure 5(8):1093-1108.) from a single CD spectrum.

In publications using BeStSel method for secondary structure analysis, please kindly cite
Micsonai et al., (2015) Proc. Natl. Acad. Sci. USA 112, E3095-E3103 and Micsonai et al.,
(2018) Nucleic Acids Res. 46, W315-W322, or Micsonai et al. Nucleic Acids Res. 50, W90-98
(2022).

Here, we provide a brief introduction for the use of the BeStSel web server
https://bestsel.elte.hu. The server is under continuous development. Although we make all
efforts for its perfect functioning, we do not take the responsibility for any prediction error or
software problems. We highly appreciate any questions or suggestions on the use of the server
or reports on bugs found. Please, feel free to send us a message through the homepage
(Contact page) or by email to kardos@elte.hu or micsonai@ttk.elte.hu.

For all details on the BeStsel method, beyond this tutorial, please, see the Information
provided on the web server pages and refer to the original publications of Micsonai et al.


https://bestsel.elte.hu/
mailto:kardos@elte.hu
mailto:micsonai@ttk.elte.hu
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Introduction

First, one of the 8 modules of the server can be chosen, listed on the left side of the starting
page: Single spectrum analysis, Multiple spectra analysis, Fold recognition, Thermal
denaturation analysis, Secondary structure from PDB files, Extinction coefficient calculator,
Disordered-ordered classification and Cited by...

A language selector located in the top left corner is currently under development. In the future,
the user will be able to select from English, Hungarian, French, German, Japanese, Korean or
Chinese. Currently the web page is only available in English.

HOME DOCUMENTATION TERMS & CONDITIONS CONTACT

BE S_[SE L References:
NEW Kardos et al. Prolein Sci. 34:670066 (2025), ESTSEL CFR. ofise
Iéq Micsonai et al. Nucleic Acids Res. 50:W90-98 (2022), & BESTSELGFRR

Micsonai et al. Front. Mol. Biosci, 863141 (2022),
Micsonai et al. Methods in Mol. Biol. vol 2199 (2021),

Micsonai et al. Nucleic Acids Res. 46:W315-22 (2018),
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BeStSel (Beta Structure Selection) is a freely accessible webserver for secondary structure FOLD RECOGNITION

determination and fold recognition from protein circular dichroism spectra.

= Single spectrum analysis Secondary structure from PDB files - Fixes on 18th March, 2024 and webserver update on 13th Seplember, 2023 <
L Secondary  structure  determination
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Title: (optional) BeStSel TUTORIAL
(PDF. 2.1 MB)
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Single spectrum analysis

In Single spectrum analysis, a single CD spectrum can be analyzed for the secondary structure
composition and the protein fold can be predicted.

Data can be uploaded from a text file or can be copied into the window in two data columns,
separator can be space, tab, comma or semicolon. Please use dot as decimal point. In case
of browsed data file in text format, the system automatically recognizes the header and the
data columns.

Input units
You can choose the appropriate Input units from the pop-up menu:
Delta epsilon (M* cm™)

Mean residue molar ellipticity (deg cm? dmol™?). ([0]wrw = 6/(10 x ¢, x I), where c; is the molar
concentration per residue, | is the pathlength.

Input units: | delta epsilon v |
tocsion
mean residue ellipticity
mean residue ellipticity / 1000

measured ellipticity (mdeg)

Measured ellipticity data can be directly uploaded. In that case, the protein concentration in
MM, the number of residues per protein molecule and the pathlength in cm should be provided
by the user.

Input units: | measured ellipticity (mdeg) v |

Concentration (mM)- l:l
Number of residues: :
T




A Data examination window will appear to check if the data was uploaded properly. Data is
converted to delta epsilon. Raw and smoothed data (data average on 2 nm window) are shown.
The system makes an automatic data examination and gives warning note in case of
unexpected CD amplitudes (calculation is still possible).

DATA EXAMINATION

Information
Deta subrmission confirmation. Please, verify your input data and start fitting by clicking the secondar
Click on the secondary structure calculation button.
@ Input in text window.
© Mexirmum usable wavelength range: 175-250 nm

Input spectrum

3.5
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3 m Smoothed
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Wavelength (nm)

I Calculate the secondary structure ] [ Back l

Please check carefully the wavelength range and amplitude of the CD data.

Secondary structure calculation can be initiated by clicking on “Calculate the secondary
structure” bottom.

In the results window, the results will appear in a graphical image with all the useful information
provided (including wavelength range and user-provided information). At first, data is analyzed
in the possible widest wavelength range of the uploaded data. In general, a wider wavelength
range contains more spectral information and a better accuracy is anticipated. However, we
strongly suggest to choose an appropriate wavelength range where the PMT voltage was
below the instrument limit (e.g., 600 volts) upon the measurement.



BeStSel calculates the contents for 8 secondary structure elements. For information on the
secondary structure components and the fitting processes, please, refer to the original
publications of Micsonai et al. (open access publications, link are provided on the front page
of the webserver).

SINGLE SPECTRUM ANALYSIS
RESULTS

A, Micsonai, F. Wien, L. Kernya, YH. Lee, Y. Goto, M. Réfrégiers and J. Kardos. PNAS 112:E3095-103 (2015)

| Header |
Wavelength range 175-250 nm
Scde factor 1

| Secondary structure |

Estimated secondary structure content (%)

Helix1 (regular! 0.0 )
Hel i 1.4 mHelixl
i Helix2 dstorted 14 =% = Heli2
Antil (left-twisted) 12.0 : ﬁgé
Antipardlel 64.2  Anti2 (relaxed 21.7 Mtfl |
ARt (right-twisted 30.6 :l;in =
Parallel 0.0 w Cthers
Turn 53
Cthers 29.0 30.6%
| Ftting results |
32 mExperimertd
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| Comrments |

@ Input intext window.
L Mo progect title provided. Title will be generated autormatically.
@ Maximurn usable wavelength range: 175-250 nm



Results format

Below the results (please, roll down if it is not on the screen), the output format can be changed
for the convenience of the user.

Results format

Header

: Secondary structure Plot Comments
Title 8 structures Plot Wamings/Input details
Date/time No pie RMSD User comments
Wavelength range HAPTO pie NERMSD
Scale factor ® 8 structures pie
User comments:
Shows! Save image Data in text

Download C5V

By choosing “Show!” the Results page can be reformatted. “Save image” will open the results
in a separate browser window and can be saved as an image.

RMSD: root mean square deviation. \/%Z}"’:l(CDexp,i - CDfl-t,l-)2

NRMSD: normalized root mean square deviation.

1 l w o o 2
max(CDeyp)—min(CDexp) \/w Zi=1(CDexp.L CDflt,l)

From 13" September, 2023, NRMSD is calculated between the smoothed experimental
spectrum (2 nm window, smoothing by data averaging) and the fitted spectrum.



Data in text

For further data processing by the users, result can be shown in text format with the predicted
results at the top and the experimental, fitted, and the residual data in columns below. By
copying, the data can be transferred to any data processing software to make your own plots,
etc.

Data in text

References: Micsonal et al. Nucleic Acids Res. 46:W315-22 (2018), Micsonai et al. PMAS 11:E3095-103
(2015)

Header

Title:

Date/time: 26-03-2022 21:18:31
Wavelength range: 175-250 nm

scale factor: 1

Estimated secondary structure content (%)

Helixl (regular): 2.4
Helix2 (distorted): 0.0
Antil (Teft-twisted): 9.7
Anti2 (relaxed): 23.5
Anti3 (right-twisted): 30.8
Parallel: 0.0
Turn: 8.3
Others: 25.3
Heldx: 2.4
Antiparallel: 64.0
Parallel: 0.0
Turn: 8.3
Others: 25.3
Spectral dewviation

RMSD: 0.1736
NRMSD: 0.02414

Fitting results

Data units: Delta epsilon

Wavelength (nm) Experimental Fitted Residuals
175 -2.9917 -3.304 0.3123
176 -2.7581 -2.854 0.0959
177 -2.408 -2.3906 -0.0174
178 -2.0188 -1.8691 -0.1497
179 -1.6721 -1.4565 -0.2156
180 —1.2363 -1.1033 -0.183
1581 -0.9769 -0.7198 -0.257
182 -0.6991 -0.3904 -0.3086
183 -0.5313 -0.3482 -0.1831
184 -0.6107 -0.4131 -0.15976
185 -0.8382 -0.6743 -0.1639
186 -1.2299 -1.1356 -0.0943
187 -1.7227 -1.6151 -0.1076



At the bottom of the Results page, brief information on the BeStSel fitting and some advices
to consider are provided.

~— Information

|~/ How the fitting to the CD spectrum is carried out in BeStSel?
BeStSel fits the experimental CD curve by the linear combination of fixed basis components to get the proportion of
the eight structural elements.

|=| Considerations for wavelength range selection and the importance of the correct protein concentration
BeStSel automatically offers the available wavelength ranges for calculations by inspecting the uploaded data.
Choose the widest wavelength range for which the absorption (HT) is within the acceptable limit (cut-off).
The fitting reliability strongly depends on the correct protein concentration and cell pathlength, chosen to
normalize the CD spectra. In case of uncertainty in the concentration and pathlength measures, a best correction
factor may be calculated by BeStSel, providing the lowest rmsd. The calculation is efficient when using the wide
wavelength range (175-250 nm). In case of correct normalization, fittings for different wavelength ranges should
provide similar results.

|~ What are the secondary structure basis components of BeStSel?
The secondary structure basis components of BeStSel are derived from DSSP We introduced novel subgroups of the
beta-sheets based on the beta-sheet twist. Parallel and antiparallel beta-sheets are distinguished and antiparallel
beta-sheets are devided into three subgroups: left-hand twisted, relaxed, and right-hand twisted (antil, anti2,
anti3, respectively). The regular part of helices (helix1) and the distorted ends (helix2) are separated, similarly to
SELCONS3, however, only a-helices are counted. BeStSel sorts 3;5-helix to "others". The definition of turn is identical
to that in DSSP The figure shows the eight basis components of BeStSel in relation to DSSP For comparison, basis
components of SELCON3 algorithm, which are also used for CONTIN and CDSSTR in CDPro, are presented.

| BeStSel DSSP” SELCON®

The masde pan of a-helces . The middle pan af a. and 3, helces
2.3 residues 5 e ands ol a-haless 0.3 rematuens 32 e ands ol belices (5. ardl 3_heliss)

Lafihand twitiod astinasalfol fi-aheet % / B Fanas

FTE—T———

- irregular/loop



Wavelength range, scale factor, best factor

Choose wavelength range:
® 175-250 nm

180-250 nm

185-250 nm

190-250 nm

195-250 nm

200-250 nm

Scale factor 1

Recalculate
Recalculation for the spectrum
multiplied by the scale factor in the
chosen wavelength range.

Best factor
Dependence of the secondary
structure estimation and NRMSD of
fitting upon the spectral amplitude
(use of NRMSD as hint for correction
is adviced only for the 175-250 and
180-250 nm ranges).

Fold recognition

Prediction of fold class, architecture
and topology (CATH classification)
based on the results of the secondary
structure  determination. This
function is available when the
secondary structure is estimated in
the Single spectrum analysis.

Back
Back to the starting page. Data will
be lost.

On the left side of the Results page, the wavelength range
can be chosen and the analysis can be recalculated. A scale
factor can be chosen for the recalculation as well. The CD
amplitude is multiplied with this factor.

The “Best factor” function carries out a series of analyses by
changing the current scaling factor automatically in the range
of 0.5-2.

The factor related to the lowest NRMSD is highlighted (see
next page). The dependence of the individual secondary
structure components on the CD amplitude is plotted. This
can be informative in the case of uncertainties in the protein
concentration or pathlength. For CD data in a wide
wavelength range (down to at least 180 nm), a change in the
factor from 1 to the lowest fitting NRMSD is an indicator of
incorrect concentration or pathlength values.

Please note that the automatic scaling calculation of Best
factor shows the dependence of the secondary structure
estimation and NRMSD on the amplitude of your spectrum.
The factor with the lowest NRMSD should not be taken as
correction for your normalized spectrum when used in the
190-250 or 200-250 nm range. The correct concentration
determination is essential for accurate analysis. When 175-
250 or 180-250 range is used and the Best factor is
significantly different from 1.0, it indicates possible
normalization problems, and the factor can be taken as
suggestion.

The “Best factor” results can be saved as an image or in text format by giving the format of the

results at the bottom of the page.
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BEST FACTOR
RESULTS

A, Micsonai, F Wien, L. Kernya, YH. Lee, . Goto, M, Réfrégiers and ], Kardos, PNAS 112:E3095-103 (2015)

Header
Wavelength range 175-250 nm
Scde factor 1
0.055
e 0 0O NRMSD
n O
0.045 g~
S o
B 0.04 "
D O
£0.035 . g0
o ©
0.03 o @
0 00 °
002510 ¢ o o 0 @ ©
0.02
0s 06 07 08 09 1 1.1 12 13 1.4 1.5 16 1.7 1.8 1.9 2
Scale factor
0.4
mHdixl
w Helix2
0.3 i m ANl
= et mAnt2
-202 P e Anti3
i — o —p—tr—" w Paralel
S mTun
01 M Cthers
0 — & 4 & : B e = _;__:__:___h:—H_— i ——a
0s 06 07 08 09 1 1.1 1.2 12 1.4 1.5 16 1.7 18 1.9 2
Scale factor
Bctor Helix1 Helix2 Antil Antiz Anti3 Parallel Turn Others MRMWISD
% % % % % % % %
0.50 0.00 1.99 8.07 18.25 20.83 595 10.44 34.47 0.0249
0.55 0.00 191 8.33 18.20 21.57 6.59 9.82 33.47 0.0235
0.60 0.00 1.83 8.59 18.39 22.35 7.05 9.24 32.56 0.0229
065 000 176 885 1847  23.09 753 866 3165 00229
0.70 0.00 1.68 9.09 18.83 23.80 7.81 8.09 30.71 0.0235
0.75 0.00 1.65 9.58 19.39 25.16 588 7.73 30.62 0.0241
0.80 0.00 161 10.09 19.99 26.58 3.89 7.31 30.53 0.0249
0.85 0.00 1.59 10.65 20.66 27.90 1.83 6.83 30.54 0.0257
0.90 0.00 1.55 11.21 21.32 29.15 0.00 6.31 30.47 0.0265
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Fold recognition

Protein fold can be predicted from the results of the CD spectrum analysis. For information on
this method please see the “Fold recognition” module in this tutorial, or the Information on the
main BeStSel page.

Note on data smoothing and NRMSD

The updated version of BeStSel applies data smoothing with 2 nm window prior to secondary
structure analysis. This smoothing window has no significant effect on the analyses of
noiseless, smooth spectra. However, in the case of noisy spectra, which often occur in the
lower wavelength range, this smoothing increases the performance of the method. In case our
users do smoothing themselves, we do not recommend a stronger smoothing (i.e. using a
larger window) because that will significantly distort the spectrum and affect the secondary
structure estimation.

In general, we suggest to record the CD spectra with 0.1 nm data pitch in as high quality as
possible by increasing the recording time of data points in step scan mode or increasing the
number of accumulated scans in continuous scanning mode. Please, note that BeStSel will
provide you the fitting with 1 nm data step.

NRMSD: In the case of noisy spectra, there will be always larger RMSD and NRMSD values,
calculated between the input and the fitted spectra, than in the case of a noiseless spectrum,
even if BeStSel has a similar performance. In such a situation, the RMSD and NRMSD values
will be largely proportional to the noise and will not reflect correctly the reliability of the BeStSel
fitting. To show how good the fitting is, instead of the input spectrum, we use the smoothed
spectrum vs. the fitted one for NRMSD calculation. For RMSD, we kept the calculation between
the original experimental spectrum and the fitted one, thus, RMSD is highly sensitive for noise
level.
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Multiple spectra analysis

A series of spectra can be uploaded from a file or copied into the window from a worksheet.
The first row should contain the values of the parameter that was varied in the measurements
(e. g. temperature values, if the spectra were recorded at different temperatures). Below, there
are columns. The first column contains the wavelength values and the others columns contain
the corresponding spectral data. Therefore, the total number of columns should be equal to
the number of values in the first row plus one. Data separator can be either tab, comma,
semicolon or space.

MULTIPLE SPECTRA ANALYSIS

Title: (optional)

File input (text format)]
Tallézas... | Nincs kijeldive fajl.

OR paste data here:

Input format:

The first row should contain the values of the
variable as the function of which the spectra
were recorded. Below, there are colums. The
first column contains the wavelength values
and the others columns contain the
corresponding spectral data. Therefore, the
total number of columns should be equal to
the number of values in the first row plus
one. Data separator can be either tab,
comma, semicolon, or space.

Example:

25 30 35 40

175 -5.29040 -5.0973 -4.9042 -4.7110
176 -5.68400 -5.4216 -5.1593 -4.8969
177 -5.95660 -5.6231 -5.2895 -4.9560

Sample spectrum (in delta epsilon)

Data as a function of: | Temperature (°C) v
abscissa name unit: |abscissa unit

Input units: | delta epsilon v

13



Data as a function of: | Temperature (°C) v

abscissa name Temperature (°C)

delta epsil

| Submit H Reset |

Input units:

Time (s)

Ligand concentration (mh)

Other Units

First, a data examination page comes up to check if the upload was correct. Then, all the
spectra are evaluated at the same time and shown as a function of the chosen parameter.

IDATA EXAMINATION

[ Inferrmation |

Data subrrission confirmmation. Please, verify your input data and start fitting by clicking
the sacondary structure calculation button.
@ Input in text window.
L Data above 250 are is dscarded
L Mo prgect title provided Title will be generated automatically.
@ Maxirmum usable wavelength range - 175-250 nm

| lnput spectrum |

22 1
1 mExperimenta .1
20 1 mExperimerta .2
1 mExperimentd .3
18 mExperimertad .4
16 mExperimentd 5
| mExperimertd .6
14 1 mExperimentd .7
| mExperimertd .8
12 - mExperimentd 9
—_ 1 mExperimentd .10
g 10 mExperimentd. 11
8
& |
;8 6y
= |
(=P
G 21
D 4
_2 4
_4 4
_6 4
_B 4
-10 - . . . . . . .
175 185 195 205 215 225 235 245

Wavelength (nm)

Calculate the secondary structure I Back
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After clicking on the “Calculate the secondary structure” button, the result window will appear.

MULTIPLE SPECTRA ANALYSIS
REsuULTS

A. Micsonai, F Wien, L. Kernya, YH. Lee, . Goto, M. Réfrégiers and J. Kardos. PNAS 112:E3095-103 (2015)

Header
Wavelength range 175-250 nm
Scde factor 1
Helixl
0.7 : Hd:xﬂ
mAnkl
0.6 = Anti2
Anti3
wPardlel
0.5 = Tun
Cthers
5 0.4
&
0.3
0.2
0.1
0} V== =
(=) [Ty — u (%] [Tg) m 7] = [T 1) [Tx) (=) [Tig) - [T o [Ty) o Vi) —
e L B N B N g @
[ ] (] 1= 1= [ ] [an] [ ] (] =
Temperature (°C)
Ternperature Helix1 Helix2 Antil AntiZ Anti3 Parall el Turn Others MRMSD
ra % % % % % % % %
0.00 0.0 0.0 0.0 1.3 0.0 66.7 23 29.7 0.01671
0.10 0.0 0.0 0.1 0.9 0.0 62.1 4.6 32.3 0.01314
0.20 0.0 0.0 1.2 1.2 0.0 56.8 6.6 34.1 0.00951
0.30 0.1 0.2 22 38 0.0 50.2 74 36.1 0.00675
0.40 1.3 1.1 3.0 6.2 0.0 43.0 79 37.4 0.00521
0.50 32 3.0 29 8.6 0.0 36.2 79 38.2 0.00427
0.60 4.7 5.0 2.1 11.3 0.0 29.6 8.0 39.3 0.00481
0.70 59 6.9 29 13.6 23 21.7 7.7 38.9 0.00637
0.80 7.1 8.6 3.7 15.6 5.6 14.0 74 38.1 0.00916
0.90 8.2 79 4.4 17.7 8.7 8.2 7.1 37.8 0.01406
1.00 29 7.2 5.7 17.0 12.2 29 79 44,2 0.02460
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At the bottom, the image can be chosen to be saved and is opened in a separate window.
Also, results in text format can be chosen for further data processing by the user.

Data in text

Bestsel algorithm: Micsonai et al. PMAS 112:E3095-103 (2015)

Header
Title: 2017123021403
Date/time: 30-12-2017 2:16:20

wavelength range: 175-250 nm

Estimated secondary structure conmtent (%)

Factor Helixl Helix2 Antil Aanti2 Anti3 Para Turn Others NRMSD

0.000 0.00 0.00 0.00 1.29 0.00 66.69 2.32 29.69 0.0167
0.100 0.00 0.00 0.14 0.90 0.00 62.10 4.57 32.29 0.0131
0.200 0.00 0.00 1.23 1.21 0.00 56.84 6.57 34.14 0.0095
0.300 0.12 0.19 2.24 3.84 0.00 50.15 7.39 36.06 0.0067
0.400 1.31 1.11 3.05 6.18 0.00 43.01 7.94 37.40 0.0052
0.500 3.22 2.97 2.90 8.65 0.00 36.18 7.90 38.18 0.0043
0.600 4.67 5.01 2.12 11.34 0.00 29.57 7.95 39.33 0.0048
0.700 5.95 6.86 2.94 13.60 2.32 21.74 7.69 38.91 0.0064
0.800 7.07 8.56 3.68 15.60 5.61 14.03 7.35 38.09 0.0092
0.900 8.15 7.92 4.44 17.71 8.69 B.20 7.12 37.76 0.0141
1.000 2.85 7.23 5.70 17.03 12.22 2.92 7.87 44.18 0.0246

On the left side, the wavelength range can be changed or a scaling factor can be set and the
data can be re-analyzed.

Choose wavelength range:

& 175-250 nm
" 180-250 nm
" 190-250 nm
" 200-250 nm

Scale factor: I 1

Recalculate |

Back |
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Fold recognition

FOLD RECOGNITION

Secondary structure Content (%) Protein fold classification prediction for
Helix1: secondary structure composition given by
. S the user.
Helix2: m
Antil: [ 0 The calculation can be initiated if the eight
Anti2- E secondary structure components sums up to
Anti3: E 100.0 % and the chain length is provided.
e CATH fold categories [Orengo et al,
Parallel: [ 0 Structure, 5:1093  (1997)]  class,
Turn: S architecture, topology and homology are
dicted.
Others: E pre
Total:
0.00

Number of residues:

!

The ,Fold recognition” module of the server is used to predict the fold of a protein structure
from the secondary structure contents. The calculation can be initiated if the eight secondary
structure components sum up to 100.0 % and the chain length is provided. These data may
come from previous BeStSel analysis of a CD spectrum (see ,Single spectrum analysis”
module) or from the analysis of a PDB structure (see ,Secondary structure from PDB files”
module).
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4 different analyses are provided: (1) a search for similar structures on the entire PDB, (2) a
fold search on the closest structures on a non-redundant single domain PDB subset, (3) a
search on single domains with secondary structure composition within the expected error of
the CD secondary structure analysis and (4) a weighted K-nearest neighbors search method.

FOLD RECOGNITION
RESULTS

Closest structures in the entire PDB
The twenty closest structures based on the euclidean distance in the eight dimensional space of BeStSel.

Secondary structure content (%)

BeStSel IVTZ 3RQV 2TWP 3KGZ 354G
Helix1 14 34 34 1.1 35 26
Helix? 7.8 6.1 6.1 6.9 3.1 6.1
Antil 56 4.0 39 6.4 78 30
Anti2 234 246 245 21.0 234 259
Anti3 12.0 128 13.0 146 117 129
Para 0.0 0.0 0.0 0.0 0.0 0.0
Turn 29 88 88 9.8 23 a7
Others 399 40.4 403 402 39.1 398
Molecular description
Num. of res. 3880 3880 174 312 196
Missing res. 360 360 0 22 12
Num. of chains 30 30 1 2 1
CATH data
Link to CATH IVTZ 3RQV 2JWP 3KGZ 384G
CATH Domains 6.1.1* (10)

2.60.120020) 2.60.120(30) 6.1.1* (1) NA NA
N I

*: 6.1.1. means Unclassified CATH Domain.
Numbers in brackets indicate the number of a given CATH domain in the structure.

Closest single CATH domains in a PDB subset filtered for <= 90% sequence homology.
The ten closest structures based on the euclidean distance in the eight dimensional space of BeStSel.

No. PDB Chain C A T Class Architecture Topology Length
1 IVIZ 2 2 60 120 MainlyBeta Sandwich Jelly Rolls 196
2 1158 A 2 60 120 MainlyBeta Sandwich Jelly Rolls 384
3 1JHI A 2 60 120 MainlyBeta Sandwich Jelly Rolls 171
4 1GGE A 2 60 20 MainlyBeta Sandwich Gamma-B Crystallin: domain 1 87
5 2PHL A 2 60 120 MainlyBeta Sandwich Jelly Rolls 397
6 2W2A A 2 40 128 Mainly Beta Beta Barrel Lipocalin 194
7 ILED A 2 60 120 MainlyBeta Sandwich Jelly Rolls 243
8§ 1ZKO A 2 40 50  Mainly Beta Beta Barrel g?ﬁ;gﬁgﬁhggpﬁmde 135
9 IQWR A 2 60 120 MainlyBeta Sandwich Jelly Rolls 319
10 1B35 B 2 60 120 Mainly Beta Sandwich Jelly Rolls 255
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Structural domains within the expected error of BeStSel
The algorithm searches on a PDB subset with <= 90% sequential homology for all the chains having single CATH
domains that lie within 1.5 X RMSD distance in each structural element from the estimated secondary structure.

1 2 Mainly Beta 26 96.3%
2 3 Alpha Beta 1 3.7%

1 2 60 Sandwich 20 74.1%

2 2 40 Beta Barrel 6 22.2%

3 3 40 3-Layer(aba) Sandwich 1 3.7%

1 2 60 120 JlellyRolls 17 63.0% 297
2 2 40 128  Lipocalin 5 18.5% 184
3 2 60 20 GammaB Crystallin; domain 1 2 74% 87
4 2 60 40  Immunoglobulinlike 1 3.7% 144
4 2 40 50 OB fold (Dihydrolipoamide Acetyltransferase, E2P) 1 3.7% 135
4 3 40 1000 Protein Transport Moglp; Chain A 1 3.7% 177

*: Average chain length of the members of the topology in the box.

2.60.120 2.40.128 2.60.20 2.6040 2.40.50

D 9=

For the weighted K- nearest neighbors method, the number of residues is required for the
analysis.

Weighted K-nearest neighbors search

Chain length:| 167 WKNN analysis |
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Class

No. CATH Cathegory name Score
1 2 Mainly Beta 17.34
Architecture
No. CATH Cathegory name Score
1 2.60 Sandwich 15.74
2 240 Beta Barrel 896
3 230 Roll 3.04
4 3.30 2-Layer Sandwich 427
5 3.70 Box 1.49
Topology
No. CATH Cathegory name Score
1 2.60.120 Jelly Rolls 14.11
2 2.60.40 Immunoglobulin-like 323
3 2.40.128 Lipocalin 6.78
4 23031 Transcriptional Co-activator pc4; Chain A 231
3 3.30.530 Alpha-D-Glucose-1,6-Bisphosphate; Chain A, domain 4 3.60
6 3.70.10 Proliferating Cell Nuclear Antigen 1.49
7 2.40.160 Porin 222
8 2.60.200 Tumour Suppressor Smad4 216
9 3401000  Protein Transport Moglp:; Chain A 2.86
10 230.110 Pnp Oxidase; Chain A 1.44
Homology
No. CATH Cathegory name Score
1 260.120.430 Galactose-binding lectin 1.79
2 26012010 Jelly Rolls 1231
3 26040840 NA 1.69
4 26012020 NA 245
5 24012820 NA 6.08
6 260401290 NA 1.56
7 2303110 Transcriptional Coactivator Pc4; Chamn A 231
8 33053020 NA 224
9 260120260 Galactose-binding domain-like 296
10 2.6040.740 N/A 223
11 3701010 N/A 1.49
12 2.40.160.90 A 222
13 2.6020040 N/A 2.16
14 3.40.1000.10 Mogl/PsbP, alpha/beta/alpha sandwich 286
15 23011020 Hepl-like 144

The weighted K- nearest neighbors method predict the Class, Architecture, Topology, and
Homology of the protein using the single domain subset of CATH 4.3 (see the number of
domains and categories in the table below). In each layer (Class, Architecture, Topology,
Homology) the predicted categories are ordered by their calculated WKNN scores excluding
every structure that belongs to an already predicted category (lower numbered hits). The
WKNN score is defined by the sum of the weighted distance of every structure (from the query
point) among the K- nearest neighbors which belong to that particular category.

Number of CATH 4.3
Domains 61932
Class 5
Architecture 43
Topology 1467
Homology 6540

20



At the bottom of the Fold recognition results, information on the analysis methods is
provided.
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Thermal denaturation analysis

CD spectroscopy is a perfect technique to follow the conformational changes of proteins and
thus follow protein unfolding and testing the conformational stability of proteins. The CD
spectrum is characteristic to the secondary structure composition and is not sensitive to the
environmental factors, such as temperature (provided that the protein structure does not
change). This makes CD an excellent technique to follow the thermal stability of proteins vs.
fluorescence techniques where the fluorescence efficiency itself is highly temperature
dependent. Thermal unfolding profile can be followed by collecting series of spectra or by
following the CD signal at a carefully chosen constant wavelength as a function of
temperature. Now the webserver supports the analysis of thermal denaturation profiles
recorded at a constant wavelength by fitting a two-state model to it, described by Shih et al.
(Protein Sci. 4, 2050-2062 (1995)).

Data upload

Thermal denaturation profile data in two-column format, temperature and CD data
(separators can be space, tab, comma, or semicolon) can be uploaded as text file or can be
directly pasted into the window. Using the submit button, data upload and the fitting process
is initiated.

THERMAL DENATURATION

Title: (optional)

File mnput (text format):
| Fajl kivalasztasa | Nincs fajl kivalasztva

OR paste data here:

Input format:

Please enter two data columns, wavelength
and CD data. Separator can be space, tab,
comma or semicolon. Please use dot as
decimal point.

Example:

20.0  7.42959

20.2  7.53531
20,4  7.17350

Sample data

| Submit || Reset |
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After submission, a result window appears showing the fitted parameters, the raw data and
fitted curve at the top, and the calculated “Native fraction” plot below.

THERMAL DENATURATION
RESULIS

Fitting results
Title 17-04-2025 17:00 (GMT+1:00)  [ate/time 17-04-2025 17:00 (GMT+1:00)
fitted parameters Fitting St atistics
An 9.3887 +/- 0.0132 (D Reduced Chi-Squared 0.043307
Ad -4,0606 +/- 0.0074 (D Adjusted R-Squared 0.999009
m -0.0584 +/- 0.1969 (CD/C)
md -0.0777 +/- 02952 (CD/C)
Tm 62.78 +/- 098 (O Protein stability:
DHm 351849 +/- 1 (molD at 25'C -39.3 & rrol-1)
DCp 110.00 +/- 0.00 (Jrol-1K-D at 37'C -26.9 &) rol-1)
B A
DR BT, oot vy e
6 S Exar "
4 w Fitted
» Residuals
2
') PUCONTC NI NPUOPVIVONABUNIS POSPL VORISR ") . |
e v1.3.230210
(3]
-4
-6
-8
-10
-12
20 30 40 50 60 70 80
Temperature (°C)
Ncrmelized data
1.1
1
Norm_Experimental
0.9 :Nmn_ﬁltjd
08 » Norm_Residuals
=
0.7
i
g0s
Zos
30.
0.3
0.2
0.1
0+ Aoyl o At s ;J.,;,,Ml,\”l,?&,n, ".vﬂl‘gll e e e
20 30 40 50 60 70 80
Temperature (°C)
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Fitting parameters

The calculation is based on the Gibbs-Helmholtz equation and provides the Tn melting
temperature and the AHn, enthalpy change for unfolding at the melting temperature. An, Ao,
my, and mp are the starting amplitudes of the native and denatured states and their
temperature dependence, i.e., the slopes of the denaturation curve before and after the melting
transition, respectively. AC,, the heat capacity difference between the denatured and native
state is not fitted at the webserver, its value can be set in the fitting function. Providing an
experimentally determined or estimated AC, value, the server calculates the stability of the
protein at 25 °C and 37 °C (in kJ/mol). For globular proteins, AC; is associated with, and can
be estimated from the change in the accessible polar and apolar surface areas and in the total
buried surface area upon unfolding (Gomez et al. (1995) Proteins, 22, 404-412.) (for small
globular proteins, AC, is approximately 50 J/mol/K per residue).

The temperature range can be selected and the fitting recalculated. Fitting parameters can be
manually adjusted for recalculation, as well. Note, that the value of AC, has minor effect on the
Tm and AHm, and thus a zero value might be used for an initial fitting.

Fitting parameters:

Fixed Value

O An=
o -
=
nd=
Tm =
Ditn =
DCp=

Data selector:
From: |20 | °C to: |80 |°C

I

I

| Recalculate |
Recalculation for the smoothed data
in the selected range.

| Back |

Back to the starting page. Data will
be lost.
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Secondary structure from PDB files

HOME DOCUMENTATION TERMS & CONDITIONS CONTACT

SECONDARY STRUCTURE AND BETA-SHEET
DECOMPOSITION FOR PDB STRUCTURES

PDB ID: Secondary structure composition of protein
(four letters code, e.g. 1ado) structures deposited in PDB on the basis of
| | the eight structural element of BeStSel. For

comparison, DSSP data [Kabsch and Sander,

OR upload a pdb file (max 20MB): Biopolymers, 22:2577 (1983)] and Selcon3
' Submit || Reset | [Sreerama et al, Protein Sci,, 8:370 (1999)]

decomposition is also calculated.

PDB ID should be given in four letters code
format (case-insensitive). At first, results are
provided for the entire structure. At the
bottom you can select calculations for
individual chains. In this case CATH
classification [Orengo et al, Structure,
5:1093 (1997)] will also be provided.

The ,Secondary structure and beta-sheet decomposition for PDB structure” module is used for
the calculation of the secondary structure composition of protein structures on the basis of the
eight structural elements of BeStSel. For comparison, DSSP data [Kabsch and Sander,
Biopolymers, 22:2577 (1983)] and Selcon3 [Sreerama et al., Protein Sci., 8:370 (1999)]
composition is also calculated. Either structures deposited in PDB can be submitted or PDB
files can be uploaded. In case of submitting a PDB ID, the ID should be given in four letters
code format (case-insensitive).
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At first, results are provided for the entire structure in the Result page of the ,Secondary
structure from PDB files” module. At the bottom of the page, the labeled polypeptide chains in
the structure are listed for selection to display (see below). For the selected individual chains,
the CATH classification (Orengo et al., (1997) Structure 5(8):1093-1108.) will also be provided
(if any).

References: Misonai et al. Nucleic Acids Res. 46:W315-22 (2018), Micsonai et al. PNAS 11:E3095-103 (2015)

POEID- 1ADO  Ertire structure  Lengthe 1452

Secondary structure composition

C&Sp 3 = BaStSal A SELCCON b A
3-10-helix 3.3 Helix 1 29.3 Helix 1 30.2
Alpha helix 42.5 Helix 2 13.2 Helix 2 15.6
Pi helix 0.0 Antiparallel 1 0.0 Strand 1 83
Turn 10.3 Antiparallel 2 0.0 Srand 2 5.5
St rand 13.8 Antiparallel 3 1.2 Turn 14.5
Bridge 0.5 Parallel 12.5 Others 25.9
Bend 6.5 Turm 10.3

Loop + rrissing 23.0 Cthers 33.4

CATH Info ©

CATH info is provided on the basis of chains. Please, select chains below.

Further references:
3 - Dicticnary of proten second ary structure: pattem recogrition of hydmgen-bonded and geometrical featurs.
kabsch W, Sander C.
Biopalymers. 1983 Dec; 2312)2577-2637. PMID: 6667333
b - Estirmation of the number of dpha-helicd. and beta-stmrd segrments in proteins wsing circular dichroism
Spect msCopy.
Seermma M, Menyaminoy 5Y, Woody RW.
Protein Scic 1999 Feb B(2H370-380 PMLD: 10048330
: CATH: A Hierarchic Classification of Protein Dormain Stuctures.
Oengo CA, Michie AD, Jores 5, Jones DT, Swindells ME, Thomton .
Structure. 1997 Aug 155(81H093-108 PRLD: 9306234

[S

At the bottom of the page the secondary structure decomposition methods can be selected
independently to display in a downloadable image or in text format (Data in text).

Results format

Select data to display Secondary Structure:
M DSSP
Chain A ¥ BeStSel
Chain B ¥ SELCON
Chain C
Chain D . W CATH Info
Show! I Save image Data in text
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The secondary structure composition of the entire structure or the selected chains (see below)
is displayed separately. The detailed descriptions of the structural elements are described in
the original papers, and a brief summary can also be found in the “Information” part of the
page.

References: Micsonai et al, Mucleic Acids Res. $6:W315-22 (2018), Micsonai et al. PHNAS 11:E3095-103 (2015)
| FCRID: 1ADOD  Cheie A length 363 |

Secendary structure corrposition

Cespa A BaStSal z SFICCH b %
3-10- bl ix 33 Helib: 1 29.5 Helix 1 30.9
Alpha helix 42.7 Hel iz 2 13.2 Hiali: 2 15.2
Pi el it 0.0 Antiperallal 1 0.0 Strand 1 83
Trn 9.4 Antiparallel 2 0.0 Srand 2 55
Srand 13.8 Antiperallel 3 1.2 T 13.8
Bridge 0.5 Parallel 12.5 Cthers 26.5
Bond 6.6 Trn 924
Loop + missing 23.7 Crhers 34.2
CATH Info ©
Class 3 Alpha Beta
Architecture 20 Alpha-Beta Barrel
Topalogy 20 TIM Barrel

g.lnher references:

: Detionany of proten second ary structume: patbemn recogrition of ydogen-bonded and geometrical featums.
Kabsch W Sander C.
Bopalyrmers. 1983 Dee: 2X1213577-2637. FMLD: 6657333
b - Estirmation of the nurmber of dpharhelical and betarstmnd segments n proteins using circular dechicism
spect msCopy.
Smemma M, Vemarminow 5Y, Woody RW.
Protein Sci. 1999 Feb 8{2370-380 PMID: 10048330
£ . CATH: A Hierarchic Classification of Protein Domain Stasctumes.
Oengo CAMiche AD. ores 5. Jones DT, Swindells MB. Thomton b
Structuse. 1997 Aug 15584063 108 FRALD- S302M

Results format

Secondary Structure:
Entire structure # DSSP

BeStSel

SELCON

CATH Info

Data n text

——  Information
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Extinction coefficient calculator

(CALCULATION OF EXTINCTION
COEFFICIENTS AT 205 AND 214 NM

Sequence:

Number of S-S bonds:
0

Protein concentration can be determined by
the absorbance at 205 or 214 nm. It is
especially useful when absorbance at 280
nm cannot be used in the lack of Trp and
Tyr residues. CD samples can be directly
measured at these wavelengths due to the
high extinction coefficients. If the spectro-
polarimeter is capable of converting the HT
values to  absorbances, then the
concentrations can be determined right
from the CD  measurements after
subtracting the baseline absorptions.
Extinction coefficients at 205 and 214 nm
can be calculated from the sequence.

References:

205 nm: Prot. Sci. 2013, 22, 851-858.

214 nm: |. Agric. Food Chem. 2007, 55,
5445-5451.

The “Extinction coefficient calculator” enables the user to determine protein concentrations
using absorbance at 205 or 214 nm. This is especially useful when absorbance at 280 nm
cannot be used due to the lack of Trp and the small number of Tyr residues.

The absorbance of the CD samples can be directly measured at these wavelengths by the
spectropolarimeter. If the instrument is capable of converting HT values to absorbance values,
the protein concentration of the sample can be determined from the CD measurement after

subtracting the baseline absorptions.

Extinction coefficients at 205 and 214 nm are calculated from the amino acid sequence (see
the references for more information) and the number of disulfide bonds. Results are provided
at the bottom of the page and also include the number of residues and the molecular weight.

Number of residues: 36
Molecular weight: 3996.7

Extinction coefficient at 205 nm- 136320 M lem!
Extinction coefficient at 214 nm: 59246 M-lem!
Abs (0.1%) at 205 nm- 34.11

Abs (0.1%) at 214 nm: 14.82

User-provided sequence:

MCMPCFTTDH QMARRCDDCC GGEGRGECYG PQCLCR
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Disordered-ordered classification

The “Disordered-ordered classification” module categorizes proteins as ordered or disordered
based on their CD spectra. This feature is particularly useful to differentiate between
disordered and right-hand twisted antiparallel B proteins that have quite similar spectra.

CD data can be provided for a single protein or for multiple proteins. The first column should
contain wavelength values and each following column should comprise CD data for a particular
protein. Wavelength values must include either 197, 206 and 233 nm or 212, 217 and 225 nm
for the predictions.

[DISORDERED -ORDERED CLASSIFICATION

Reference: Micsonai et al. manuscript under revision

Paste data here:

Input format:

The first column contains the wavelength
values and the other columns contain the
corresponding spectral data. You can upload
data only for the necessary wavelengths or
whole spectrum or series of spectra.
Separator can be space, tab, comma or
semicolon. Please use dot as decimal point.
Example: (in delta epsilon, for 197-206-233
nm)

197 -2.10 -2.34 -2.38 -1.83
206 -2.05 -2.41 -3.58 -3.64
233 -0.27 -0.46 -1.27 -0.38

Sample data (in delta epsilon)

Although the method is independent of normalization, please specify the unit of the data.

Input units: | delta epsilon v
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The results of the classification are provided in a table along with the data used for the
predictions.

_DISORDERED -ORDERED CLASSIFICATION

Reference: Micsonai et al. manuscript under revision

& 18.60 4.69 -3.24 ordered

4 15.40 3.34 -2.76 ordered

6 12.20 1.99 -2.28 ordered

8 9.00 0.64 -1.80 ordered

10 5.80 -0.71 -1.32 ordered
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Cited by...

On the “Cited by” page, the user will find a collection of the publications that cited any one of
the publications about BeStSel (Micsonai et al. PNAS (2015), Micsonai et al. Nucleic Acids
Res. (2018), Micsonai et al. Methods Mol Biol. (2021), Micsonai et al. Nucleic Acids Res.
(2022). This page features a search engine to allow users to browse amongst ~2000 articles
to find examples and useful information on the applications of CD spectroscopy and BeStSel.

Cited by...

*fou can browse among ~1000 articles to find and useful i ion on the use of CD spectroscopy and BeSiSel
If you would like to be on the list, please cite: Micsonai et al. PNAS (2015) | Micsonai et al. Nucleic Acids Res. (2018) | Micsonai et al. Methods Mol Biol. (2021)

Show | 10 ~ | entries Search:

Publication 1 Title 1 PubMed || Crossref || Keywords it

Abelein et al. J Am Chem Soc lonic Strength Medulation of the Free Energy 27171340 Crossref Salts | Nanofibers | Peptides and proteins | Aggregation | Kinetics.
(2018} Landscape of AR40 Peptide Fibril Formation

Abeyawardhane et al. J Am Copper Induced Radical Dimerization of Crossref

Chem Soc (2018) o-Synuclein Reguires Histidine

Abioye et al. J Agric Food Inhibition of Islet Amyloid Polypeptide Crossref i i ion | islet amyloid polypeptide |

Chem (2021) Fibrillation by Structurally Diverse Phenolic anmrﬂslﬁrumr&amﬂymmm
Compounds and Fibril Disaggregation
Potential of Rutin and Quercetin

Acosta et al. mmﬂymammﬂ 32840358 Crossref

Biomacromolecules (2021) D

Agadi et al. J Struct Biol (2018)  Structural insight into the mechanism of Crossref

action of antimicrobial peptide
BMAP-28(1-18) and its analogue mutBMAP18

Showing 1 to 10 of 991 entries. Previous
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https://doi.org/10.1073/pnas.1500851112
https://doi.org/10.1093/nar/gky497
https://doi.org/10.1093/nar/gky497
https://doi.org/10.1007/978-1-0716-0892-0_11

Documentation

Under the Documentation tab on the front page top right side, various information are
available on the BeStSel webserver including this tutorial, the following brief guide to CD
spectroscopy measurements and data analysis, and a Q&A section.
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