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Abstract

Conventional empirical methods for the quantification of the helical content of proteins in solution
using circular dichroism (CD) primarily rely on spectral data acquired between wavelengths of
190 to 230 nm. The presence of chemical species in a protein solution with strong absorbance
within this range can interfere with the ability to use these methods for the determination of the
protein’s helical structure. The objective of this research was to overcome this problem by
developing a method for CD spectral analysis that relies on spectral features above this wavelength
range. In this study, we determined that the slopes of CD spectra acquired over the 230 to 240 nm
region strongly correlate with the helix contents including a-helix and 31g-helix of protein as
determined using conventional CD algorithms that rely on wavelengths between 190-230 nm. This
approach (i.e., the 230-240 nm slope method) is proposed as an effective method to determine the
helix content within proteins in the presence of additives such as detergents or denaturants with
high absorbance of wavelengths up to 230 nm.
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1. INTRODUCTION

Circular dichroism (CD) has been extensively used to spectroscopically study the structure
of biomolecules in solution and when absorbed to surfaces due to its characteristics of being
non-destructive, relatively easy to perform, requiring small sample volume, and providing
fast, reliable data analyses.[1, 2] In particular, CD provides a very convenient experimental
method for the determination of the secondary structure and environmentally induced
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structural changes in proteins since the different forms of the primary secondary structural
elements found in proteins (e.g., a-helix, p-sheet, and random loop) exhibit distinctly
different CD spectrum.[3]

Most algorithms that have been developed for secondary structure determination of proteins
by CD depend on the analysis of spectral features in the far UV range, primarily from 190 to
230 nm. Over this spectral range, the amides within the secondary structural components
constituting a protein strongly absorb circularly polarized light and undergo varying extents
of n—n* and m—n* transitions for a given wavelength.[4] The CD spectrum (Figure 1) for a
pure a-helical structure acquired between 190 to 250 nm exhibits a characteristic double
minimum at 208 nm (m —7*) and 222 nm (n—n*), and a stronger maximum at 191-193 nm
(m—7*).[4] Similarly, p-sheet structure exhibits a characteristic minimum at 215 nm
(n—7*) and a maximum at 198 nm (m—7*).[4] In contrast to these spectral features,
random coil segments of protein tend to exhibit a maximum and a minimum that is
essentially opposite from the minimum and maximum of the a-helical and p-sheet
structures.[5]

To quantify the relative proportion of each associated secondary structure contained in a
protein sample, the resulting CD spectrum acquired between wavelengths of 190 to 240 nm
is typically empirically interpreted as a sum of fractional multiples of reference spectra for
each type of secondary structure.[3] This process is conducted using a variety of
mathematical tools[6] along with reference datasets of highly resolved protein structures
(i.e., protein structures from X-ray crystallography and NMR spectroscopy).[7] As a result,
these conventional algorithms cannot be used if the protein solution to be analyzed contains
chemical species that strongly absorb at wavelengths below 230 nm, as commonly seen with
various detergents and denaturants.[8-11] For example, Figure 2 presents plots of the
background absorbance for solutions containing various chemical additives using a 0.1 cm
cuvette, which show saturating levels of absorbance (see for wavelengths below 225 nm.
When this situation occurs, other methods are required for protein structural analysis.[1, 10,
12] This type of absorbance problem becomes increasingly problematic as the pathlength of
the cuvette is increased, with pathlengths up to 1.0 cm being commonly used for
temperature and titration experiments [13-23] and for the analysis of adsorbed proteins on
nano-particles or flat material surfaces in order to provide sufficient signal strength for
analysis. [24-32]

Subsequently, conventional algorithms that rely on CD spectra over the range of 190-230 nm
can only be used when the additives are present under extremely dilute conditions, thus
greatly limiting the ability to investigate the influence of such additives on a protein’s
secondary structure.

To overcome this problem, a CD cell with shorter path-length is commonly used to minimize
the background absorbance (See S.1. in the supporting information).[34] Alternatively, if CD
data from wavelengths above 220 nm are available, the helical content of protein can at least
still be estimated by choosing a single wavelength above 220 nm where the difference in
signal between a folded and unfolded protein is large (unfortunately there are no analogous
methods for estimating -sheet or random coil structure).[35] For example, CD molar
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ellipticity data at 222 nm are commonly used for quantifying the helical content of protein
(i.e., 222 nm method), where helical structure exhibits a characteristic minimum in
ellipticity (see Figure 1).[5] Even higher wavelengths than 222 nm, such as 225 nm[10] or
228 nm,[35] have also been used for estimating helical content when the background
absorbance has influenced the CD response at 222 nm. The situation, however, becomes
particularly problematic when samples exhibit strong background absorbance all of the way
up to 230 nm even when using CD cells of short path length (See S.1. in the supporting
information). In this case, there are presently no existing methods that can be used for the
quantitative analysis of even the helical structure of a protein when in solution.

While seeking for alternative methods for the analysis of CD spectra for the determination of
protein helical structure in the presence of strongly absorbing additives,[24, 36] we observed
that a linear region of varying slope typically occurs in CD spectrum between 230 nm to 240
nm. Based on this observation, we hypothesized that if the relative change in the molar
ellipticity values between 230 nm to 240 nm were primarily caused by the helical structure
of the protein, then the relative change in the slope, which can be simply derived from
multiple CD points over this wavelengths range, may provide a sensitive method of
estimating the helical content of protein in solution when the background absorbance occurs
for wavelengths all of the way up to 230 nm.

The purpose of current study was therefore to investigate if a linear correlation exists
between the slope of CD spectra over the range of 230-240 nm and protein fractional
helicity determined by existing methods for a range of proteins and their conformational
states in aqueous solution. The specific objective of this research was then to use this
correlation (if found) to provide a method (i.e., the 230-240 nm slope method) that could be
used to reliably quantify the helical content in proteins in solution with backgrounds
exhibiting strong absorbance up to 230 nm.

2. ANALYTICAL MODEL

The 222 nm wavelength method for CD analysis of the helicity of protein structure uses the
molar ellipticity CD data at 222 nm,[7] which is the wavelength corresponding to the
characteristic minimum of the CD spectrum of the helical structure of protein (see Figure 1).
Accordingly, the fractional helicity (F£H) of a protein in solution can be estimated from the
CD response at 222 nm, and similarly at other nearby wavelengths such as 225 and 228 nm,
[10, 35] by equation (1): [5, 37]

(657~ 63)

FE="_ "N
@ -0 (@

where 6,8%P is the experimentally observed mean residue ellipticity (usually given in
deg.cm2.dmol1) for a given wavelength (1), and ;% and &;” correspond to the ellipticity for
a protein with 0% and 100% helical content at wavelength A, which are typically
experimentally or theoretically estimated to be —3,000 and —39,500 deg.cm2.dmole1:
respectively, for a’A of 222 nm.[5, 38, 39]
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Equation (1) can be rearranged to generally express 6,*P as a function of F+ as designated
by equation (2):

OLT=FH (6} —63) +65. (o)

Accordingly, by extending this relationship over a linear region of a CD spectrum in the
region of 230-240 nm,[24, 36] equation (2) can be expressed in terms of the change in
ellipticity between two selected wavelengths, A1 and A,, as indicated by equation (3):

AGT=05 — 0537= (Ao — ) A=ANA=FH (80" — A0") +A6" o

where ‘A’ represents the slope of the CD spectrum within this region of wavelengths and
A" and A¢” represent the difference in molar ellipticity for 100% and 0% helical structure,
respectively, at the two designated bracketing wavelengths, 1;and A, Equation (3) can
subsequently be rearranged to express ~H as a linear function of the slope, A, as presented in
equation (4):

FH:(AAA—AHU)_< AX ) ( —AgY

- e A P
(DA0" — AG%)  \AGh — Ap AQ’L—AQU> mar

4)

A —AG
where (Aeh — A0u> and (Aeh — AQU) should be constant for a designated pair of

wavelengths in the linear portion of the CD spectrum, with ‘/77" and ‘&’ thus representing the
slope and y-axis intercept for the linear relationship between FHand A.

In this study, we investigate the correlation between values of £+ provided by equation (4)
and the values of FH obtained using both a conventional algorithm method and the 222 nm
method, as provided by equation (1), for the estimation of the helicity of proteins in solution.
If a strong correlation is shown, equation (4) then provides a method that should be useful
for the estimation of the helical structure of proteins in solution with strong background of
wavelengths up to 230 nm, which represents a condition that presently prohibits the use of
conventional methods for the determination of the helicity of proteins either in solution or
when adsorbed to a surface.

3. MATERIAL & METHODS

3.1. Protein Solutions

The proteins used in the study were ribonuclease-A from bovine pancreas (RNase A, 13.7
kDa, 124 residues, Sigma, R5503), hen egg-white lysozyme (HEWL, 14 kDa, 129 residues,
Sigma, L6876), human serum albumin (Albumin, 66 kDa, 585 residues, Sigma, A3782), and
human serum fibrinogen (Fibrinogen, 340 kDa, 269 residues, Sigma, F3879). Stock
solutions (1.00 mg/ml) of each protein were first prepared in deionized water (D.l. water,
18.2 MQ-cm, EMD Millipore, Milli Q Direct) and filtered to remove impurities. The final
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concentrations of protein in D.I. water or solutions with urea (Fisher Scientific, U15500) at
different concentrations were verified via absorbance of protein solutions at 280 nm (Agp).
[5, 10]

3.2. Acquisition of Spectrum Using CD Spectroscopy

The structure of each protein in solution (0.01 mg/ml) was determined in a quartz cuvette
(Starna Cells) of 1.0 cm path length using a standardized methodology for CD
spectropolarimeter (Jasco J-810) over a range of temperatures to induce various degrees of
protein unfolding.[25] Briefly, each CD spectrum, consisting of the ellipticity and
absorbance values, was obtained over a wavelength range from 190 to 300 nm, at a scan rate
of 50 nm/min and a response time of 0.25 sec. Each spectrum represented an accumulation
of 6 scans. Temperature control within the CD instrument was done using the Peltier
temperature control device that is integrated within our instrument. Thermal-induced
denaturation of the proteins was done using an external water bath (Neslab, RTE-111) over a
temperature range from 5 to 85 °C. In addition to the plain protein solutions, solutions of
proteins with urea at different concentrations in a quartz cuvette (Starna Cells) of 0.01 cm
path length were analyzed to provide samples exhibiting strong background absorbance over
the range of 190-220 nm that could not be analyzed by conventional full-spectrum-based
methods.

3.3. Algorithms to Quantify Protein Secondary Structure in Solution

The helical content of proteins in solution (including contributions from a-, 3(10)-, and -
helicies) was determined using three different algorithms—the CONTIN program method,
[2] the 222 nm method, and the proposed 230-240 nm slope method. Irrespective of the
algorithm, the background-corrected CD signals were converted to molar ellipticity, 9,%*P,
given in deg.cm?/(dmol)), using equation (5):

exp 03 x M
21000 X Copy x L (5)

where 6, is the background corrected raw CD signal (degrees), L is the path length of the
cuvette (mm), Cyqn is the solution concentration of the protein (mg/mL), M is the mean
residue molecular weight of 115 g/mol.

3.3.a. 222 nm Method—The FH values of the proteins in solution were estimated from
the mean residue ellipticity values at 222 nm according to equation (1).

3.3.b CONTIN Program Method—The CONTIN program method, introduced by
Provencher and Gldckner, determines the FH of a sample from the direct analysis of a CD
spectrum over the full far-UV range from 190 to 240 nm as a linear combination of the CD
spectrum from a library of 16 proteins whose structures have been determined to high
resolution by X-ray crystallography.[2] In this method, the contribution of each reference
spectrum is kept small unless it contributes to good agreement between the theoretical best-
fit curve and the raw spectrum.[7]
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3.3.c. 230-240 nm Slope Method—The slope (*A’) over the wavelength range of 230
to 240 nm was first measured directly from the CD spectrum. As further addressed below,
the slope (*/77°) and y-intercept (*&’) characterizing the linear relationship between *A’ and
FH (see equation (4) above) were then determined from a plot of ‘A’ vs. the FH values
provided by the CONTIN program method. This linear relationship was then subsequently
applied for the determination of the ~H for solutions exhibiting high background absorbance
up to 220 nm such that the CONTIN program method could not be used. A detailed protocol
on FH determination using this method is provided in section S.1 of the supplementary
material.

3.4. Correlations Between Methods for Determination of Helical Structure of Protein in
Solution

The helical structure of each protein under each solution condition was first determined
using both the CONTIN and 222 nm methods, and the slope *A ’was calculated for each CD
spectrum over the wavelength range from 230-240 nm. The slope ‘A’ from each CD
spectrum was then plotted against the ~H values estimated by the CONTIN program to
assess the level of correlation between these two parameters, with values of ‘777 and ‘5’ from
equation (4) determined from the resulting linear relationship. Similarly, ~#H values obtained
from the CONTIN program and 222 nm methods were then compared in order to confirm
the correlation between these two conventional methods for our set of protein solutions.

The FH values obtained from the 230-240 nm slope method were then plotted against F+H
values estimated by the 222 nm method for proteins in solution containing 4 M and 8 M
urea, which prohibited the direct use of the CONTIN method due to the strong background
absorbance caused by these additives over the wavelength range of 190-220 nm. These
comparisons were then used to assess the validity of using the proposed new 230-240 nm
slope method for the estimation of the percentage of helical secondary structure of proteins
including a-helix and 31g-helix in solution in the presence of additives exhibiting strong
background absorbance for wavelengths below 230 nm.

3.4. Statistical Analysis

The results from this study are presented as mean values + 95% confidence intervals (C.1.)
for each data point presented. The statistical significance of differences between calculated
parameters was evaluated using Student’s t test, with values of p < 0.05 being considered as
statistically significant.

4. RESULTS and DISCUSSION

4.1. Determination of the Designated Values of ‘m’ and ‘b’ in Equation (4)

As shown in Figure 3 for a set of four very structurally different proteins, a linear
relationship is found between molar ellipticity and wavelength over the wavelength region
from 230 to 240 nm. Furthermore, as indicated by equation (4), the slope of this linear
portion of CD spectrum should be linearly related to the FH if the molar ellipticity responses
over this range are primarily determined by the helical content of the protein (i.e., FH= mA
+ b).
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Since the CONTIN program is considered to be one of the ‘gold standards’ for protein
structural determination by CD, if a linear relationship can be shown between ‘A’ and FH
determined from the CONTIN program, then values of ‘n7” and ‘4’ can be determined from
that plot to provide the ability to predict ~#H directly from *A’ for a given CD spectrum of
protein in solution.

Figure 4 presents the solution structure data for ~+ values ranging from 0.03 to 0.58
estimated from the CONTIN program method vs. the empirical parameter *A’ for four
different protein solutions. The wide range of helical content was achieved for these proteins
by thermal denaturation in solution for temperatures ranging from 5°C to 85°C.[40] As
shown, a strong linear correlation with R = 0.96 is obtained between these two parameters
(i.e., FHand *A”"), with the y-intercept (i.e., “&’) of the linear correlation line not being
significantly different from zero (p = 0.65). The strong linear relationship between F+ and
‘A’ supports our hypothesis that the 230-240 nm slope method can be used to provide a
reliable approach for the determination of FH. Based on the linear relationship shown in
Figure 4, the designated values of ‘777’ and ‘&’ representing the slope and y-axis intercept for
the linear relationship between FHand A are 5.14x103 FH/(molar ellipticity/nm) and
2.97x10°3 FH, respectively.

4.2. Reliability of the Helical Analysis Using CD Response at 222 nm

In this section, the FH estimated by equation (1) using CD at 222 nm (i.e., 222 nm method)
is compared with FH estimated from the CONTIN program method in order to validate the
use of the 222 nm method for the estimation of protein helical structure for our set of protein
solutions. Once validated, the 222 nm method can then be used as a basis to evaluate the
reliability of the 230-240 nm slope method for FH determination for samples with high
background absorbance over wavelengths below 220 nm, for which the CONTIN method
cannot be applied.

As shown in Figure 5, a strong linear correlation with R2 = 0.96 is found between the A+
values from both algorithms for the same protein reference set. However, the 222 nm and
CONTIN methods are not in perfect agreement, which would be indicated if the linear
regression of the data plot shown in Figure 5 had a slope = 1 and a y-axis intercept = 0.
Statistical analyses of the data presented in Figure 5 indicate that the slope of the linear
regression line is significantly different from one (p < 0.0001) and we can directly conclude
that these two lines (i.e., y = 0.815x + 0.0875 and y = x) are significantly different without
comparing the intercepts. Compared to the CONTIN program method, the 222 nm method is
thus shown to slightly overestimate helix content when FH < 0.47 and slightly underestimate
helicity when FH > 0.47 for this set of samples. Additionally, as noted in the preceding
section, statistical analysis of the y-axis intercept of the linear correlation line in Figure 4
shows that it is not significantly different from zero while having an equivalent R? value as
the correlation line in Figure 5. These results suggest that 230-240 nm slope method actually
has the potential to provide closer agreement with the CONTIN program method over a
wider range of FHthan the 222 nm method.
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4.3. Comparison Between FH Values Calculated by the 222 nm and 230-240 nm Slope
Methods for Protein Solutions with Strong Background Absorbance from 190-220 nm

Figure 6 presents solution structure data for ~H values ranging from 0.03 to 0.58 calculated
from equation (1) using the 222 nm method versus F~H values calculated from equation (4)
using the 230-240 nm slope method with ‘77" and ‘4’ values determined in Section 4.1 (m=
5.14x103 FHI(molar ellipticity/nm) and &= 2.97x103 FH). In addition to the ~/ values
from the set of proteins in D.l. water shown in Figure 5, data points are added in Figure 6 for
protein in solution with 4 M and 8 M urea, which caused strong background absorbance over
the range of 190-220 nm, thus prohibiting application of the CONTIN program method to
determine FH. As shown in Figure 6, a strong linear correlation with R? = 0.98 is obtained
between the 222 nm and 230-240 nm slope methods. This result is expected given that the
‘m’ and ‘&’ parameters of the slope method were calculated to fit the #+ values determined
by the CONTIN program method, which is shown to correlate well with the 222 nm method
in Figure 5. More importantly, however, the 230-240 nm slope method is shown in Figure 6
to provide FH values in close agreement with values calculated using the 222 nm method
even for protein solutions with a high concentration of urea over the full range of FH.

These results thus support the ability to use the 230-240 nm slope method for the estimation
of the percentage of helical secondary structure of proteins in solution, with specific
application for samples exhibiting strong background absorbance over wavelengths up to
230 nm, thus preventing the application of either the 222 nm or the CONTIN program
method for FH determination.

4.4. Limitation of the 230-240 nm slope method in estimating the helical content of

protein

Much like the 222 nm method, the helix content obtained using the 230-240 nm slope
method should be used with caution and only when more robust methods cannot be applied
due to high background absorbance. Secondary structural assignments within a CD spectrum
and their quantification are dependent on both the algorithm used and the dataset available to
fit the spectral features.[13, 41] In this present study, the fitting parameters for determining
the FH of the proteins using the 230-240 nm slope method were obtained using the CONTIN
algorithm that is provided with the CDPro package using protein spectra obtained between
190-240 nm as the reference dataset. Of course, different algorithms and reference datasets
may provide different estimates of helical content, resulting in a different set of fitting
parameters than those presented in this work for application of the proposed 230-240 nm
slope method. [41-44]

To investigate the broader applicability of the presented 230-240 nm slope method beyond
our limited dataset, we applied the method to analyze the large CD reference set of proteins
with known 3D structures contained in the Protein Circular Dichroism Data Bank (PCDDB),
[45] which is an excellent resource for structural biology. Figure 7 presents the plot of
230-240 nm slopes measured from the CD spectra of 71 soluble proteins and 30 membrane
proteins, which comprise the SP175 [46] and MP180 [43] datasets within the PCDDB, vs.
the fractional helicity for each of these proteins. [47] The fractional helicity for each of these
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proteins included the contribution from a-, 3(10), and m-helicies as estimated using the
DSSP algorithm.[47]

As shown in Figure 7, the majority of the data points indicate very good correlation between
the 230-240 nm slope and FH. However, there are a few obvious exceptions in the dataset
indicative of proteins that do not follow this correlation. These data points, which were
identified as outliers of the overall dataset using the Studentized—Residual method, [48] are
labeled in red in Figure 7 along with the name of the associated protein. When these outliers
are removed from the dataset, the resulting correlation line is not significantly different (p >
0.05) from the correlation line obtained for our experimental dataset that is shown in Figure
4 (slope comparison: p = 0.14; intercept comparison: p = 0.49). Thus, the 230-240 nm
methods is shown to be generally reliable for the estimation of the helical content of proteins
even for this much larger reference set of proteins aside from a few clear exceptions.

Because Figure 7 presents clear examples where the 230-240 nm slope method does not
closely predict the helical content of the protein (e.g., the outliers), before this method is
applied to analyze the structure of a given protein for a case where chemical agents are
present that cause high background absorbance, its applicability for the protein should first
be confirmed. This can be easily accomplished by obtaining the CD spectrum of the protein
in a solution with low background absorbance such that the ~H value predicted using the
230-240 nm slope method can be compared with a conventional full-spectrum algorithm,
such as CONTIN, or with the FH obtained from the Protein Data Bank. [49] If reasonable
agreement is found, then the 230-240 nm slope method should be able to be confidently used
to predict the FH of the protein under conditions that prevent the use of a conventional full-
spectrum method.

It should also be recognized that the contribution by B-sheets to spectral features over the
range of 230-240 nm can vary for different proteins and their folded states, and its impact on
the spectral features at these wavelengths is still not well-understood.[13, 41]

5. Conclusions

In this study we present a new method to analyze CD spectra that provide the capability of
determining the helical structure of protein in solution in the presence of chemical additives
that strongly adsorb in the 190 to 230 nm range, which otherwise interfere with the ability to
determine protein structure using conventional CD analysis algorithms.

We proposed that the slope (*A’) of CD a spectrum over the 230 to 240 nm region should be
linearly related to the helix content of the protein in solution. The slope (‘77") and y-intercept
(‘&) for this relationship were calculated by plotting ‘A’ vs. the FH values determined by
the CONTIN program method for CD data obtained for four different proteins in solution
with helical content ranging from 0.03 to 0.58. The 230-240 nm slope method was then
shown to accurately predict ~H values for protein solutions with high background
absorbance, which prevented the use of the CONTIN algorithm for A determination.

Application of the 230-240 nm slope method to predict ~H of proteins for the much larger
datasets provided in the Protein CD Data Bank showed that the resulting correlation line was
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not significantly different from the correlation line derived from our much smaller dataset,
with the exception of a few outlier examples where the protein’s helicity was clearly not
well predicted by this method. Given this realization, before using this method to analyze the
helicity of a protein in a solution with high background absorbance, it is important to first
establish the validity of the method for the designated protein under low-background
conditions where it can be shown to provide close agreement with the helicity predicted by a
suitable full-spectrum method or helicity obtained directly from the Protein Data Bank.

Based on these results, we conclude that this new 230-240 nm slope method can be used for
the determination of the helical content for proteins in solution when the solution exhibits
strong absorbance of wavelengths up to 230 nm, thus prohibiting the use of conventional
methods for the determination of protein secondary structure in aqueous solution.
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HIGHLIGHTS

. New CD method for protein helical structure in solutions with strong
background absorbance.

. New CD algorithm that rely on wavelengths between 230 to 240 nm.

. Changes in protein solution structure in the presence of denaturants.
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Figure 1.
Standard CD spectra redrawn from Corréa et al.[5] Each of the three basic secondary

structures of a polypeptide chain (a-helix, B-sheet and random coil) show a distinctly
different characteristic CD spectrum.[5]
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Figure 2.

Effective absorbance spectra for different chemical additives (3% (w/v) trichloroacetic acid
(TCA, Sigma: T6399), 0.5% (w/v) N-lauroyl sarcosine solutions (Sigma: T7414), and 6 M
Guanidium hydrochloride (GHCI, Sigma: G3272)) in deionized water in a 0.1 cm pathlength
cuvette. Strong absorbance (> 1) results in signal saturation at high wavelengths, which can
prohibit the use of conventional structural analysis algorithms that require CD signal
sensitivity over the range of 190 to 230 nm.[1, 12, 33]
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Figure 3.
CD spectra showing a linear relationship over the wavelength range from 230 to 240 nm for

four different types of protein. Inset: Enlargement of the molar ellipticities over the
wavelength range of 230-240 nm from each overall CD spectrum with the linear regression
equation provided for each plot. The slope of linear region between 230-240 nm is
empirically determined to represent the parameter ‘A’ according to equation (3). For
example ‘A’ = 329.17 (molar ellipticity/nm) for RNase A.
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Correlation between the FH calculated by the CONTIN program method and the empirical
parameter ‘A’ (i.e., the slope indicated in Eqgn. (3) for each CD spectrum over the
wavelength range from 230-240 nm; see Fig. 3). As indicated, the slope (‘77’) and y-
intercept (“&’) of the linear correlation line are equal to 0.000514 FH/(molar ellipticity/nm)
and 0.00297 molar ellipticity, respectively, according to Eqn. (4). The value of “&’ is not
significantly different from zero.
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Figure 5.
The correlation for calculated FH values between two popular CD algorithms: the 222 nm

method and the CONTIN program method. The slope of the linear correlation line is
significantly different from one and the y-intercept is significantly different from zero, thus
showing some deviation between the CONTIN program and the 222 nm methods for the
calculation of FH.
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Figure 6.
FH calculated from 222 nm method versus the 230-240 nm slope method for four different

proteins in D.l. water and in the presence of 4 M and 8 M urea. The trend line is created
considering all of the data points.
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Figure 7.

Correlation between the empirical parameter ‘A’ (i.e., the slope of the CD spectrum over the
wavelength range from 230-240 nm) and the fractional helicity (FA) estimated using the
DSSP [47] for the proteins within the SP175 and MP 180 CD reference sets from the Protein
CD Data Bank (PCDDB). [6, 41, 43-45] Outlier data points (indicated in red along with the
name of the protein), which were identified using the Studentized—Residual method, [48]
have been excluded from the dataset for the calculation of the linear regression line.
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