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Lecture 4: Secondary structure calculations. How to do it and understand the limits

ESC1: 
Circular Dichroism:
best practice and data analysis
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Information in a protein CD spectrum
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CD spectrum analysis
Questions:

• What is the analysis which decomposes a set of known CD spectra into their basis spectra?

• How is the Secondary Structure calculated from the set of known CD Spectra?

What do we have:

71 CD spectra of proteins All the protein secondary structures
(from crystallography)

Aldolase Alkaline
phosphatase

α-helix
β-sheet
Turns
Other

0.458
0.138
0.103 
0.301 

0.311 
0.183 
0.133 
0.374 

0.285 
0.205 
0.122 
0.388

Alpha
amylase

……..

……..
……..
……..
……..

Or any other classification!

SP175 reference dataset: J.G. Lees et al. Bioinformatics. 22 (2006) 1955–1962
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CD spectrum analysis
71 CD spectra of proteins All the protein secondary structures

(from crystallography)
Aldolase Alkaline

phosphatase
α-helix
β-sheet
Turns
Other

0.458
0.138
0.103 
0.301 

0.311 
0.183 
0.133 
0.374 

0.285 
0.205 
0.122 
0.388

Alpha
amylase

……..

……..
……..
……..
……..

Write them as Matrices

Aref = 

CD
 o

f A
ld

ol
as

e

CD
 o

f A
lk

al
in

e…

CD
 o

f A
lp

ha
…

…
…

…
…

…
…

……

CD
 o

f 
U

bi
qu

it
in

m x 71 matrix
where m is number of data points

α-helix (α)
β-sheet (β)
Turns (T)
Other (O)

0.458
0.138
0.103 
0.301 

0.311 
0.183 
0.133 
0.374 

……..

Al
do

la
se

Al
ka

lin
e…

U
bi

qu
it

in

0.250
0.316
0.145
0.289

l x 71 matrix
where l is number of
secondary structures

(here 4, often 6)

Or any other classification!

Fref = 
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CD spectrum analysis

Aref = 
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 o

f A
ld

ol
as

e

CD
 o

f A
lk

al
in

e…

CD
 o

f A
lp

ha
…

…
…

…
…

…
…

……

CD
 o

f 
U

bi
qu

it
in

m x 71 matrix
where m is number of data points

Fref = 
0.458
0.138
0.103 
0.301 

0.311 
0.183 
0.133 
0.374 

……..

Al
do

la
se

Al
ka

lin
e…

U
bi

qu
it

in

0.250
0.316
0.145
0.289

l x 71 matrix
where l is number of
secondary structures

Does a matrix X (l x m) exists such that? :

F = X A
• The Singular Value Decomposition (SVD) theorem:

Note that A is not a square matrix, so there is no inverse A-1

A = USVTU, S and V exists: where VTV = UUT= I, S+ exists SS+= I
• This means that we can calculate X

F = X A = X USVT =>  X = FVS+UT

X exists via Singular Value Decomposition (SVD)

Sh
or

t 
cu

t

α-helix (α)
β-sheet (β)
Turns (T)
Other (O)

• Basis spectra: US Coefficients which recreates the reference spectra: VT
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0.250
0.316
0.145
0.289

CD spectrum analysis
0.458
0.138
0.103 
0.301 

0.311 
0.183 
0.133 
0.374 

……..

Al
do
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se
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F = X A X exists via Singular Value Decomposition (SVD) and can be calculated

In principle, for a CD spectrum                  of a protein of unknown structure :C = 

CD
 o

f 
pr

ot
ei

n

Then = X

CD
 o

f 
pr

ot
ei

n

f = XC can be calculatedor 

In practice, this seldom gives a valid solution!

f =

α-helix (α)
β-sheet (β)
Turns (T)
Other (O)

α
β
T
O

α
β
T
O

• The sum α+Β+T+O is in general not 100%
• Each component may even be < 0

Aref = 
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 o
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Fref = 
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f =
α
β
T
O

Several methods exist which use SVD and finds the structure                 based on A and F from C

We often use and do recommend these methods

• Selcon3: Self-consistent method (next slide)

• CDSSTR: Find f via SVD from a random selection of 8 spectra from Aref.

• CONTIN/LL: Fit the spectrum C to a combination of spectra in Aref resembling C the most

0.250
0.316
0.145
0.289

CD spectrum analysis
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f =
α
β
T
O

from Fref = 



This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 101004806

As an example, Selcon3 does:

• Sort Aref such that the spectrum which resembles C the most are to the left

• Guess a solution fguess (from the spectrum resembling C the most)

• Add C to Asort and fguess to Fref: A = [C, Asort] and F=[fguess, Fsort]

• Use SVD to find solutions using from 3 and up of the spectra in the new A

• Collect all solutions and select the valid ones:

• Sum Structures = 100%+-5% and each structure > -2.5%

• Use the average of the f solutions to make a new fguess

Repeat the until self-consistency, i.e. new f solution is close to previous fguess

Re
pe

at
 t

he
 u

nt
il

se
lf

-c
on

si
st

en
cy
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CD spectrum analysis
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A = C Asort

CD spectrum analysis

Asort = 

CD
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……
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, Fsort = 

f 
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……
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, fguess =

αg

βg

Tg

Og f 
Re

se
m

bl
e 

C 
m
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t

=1) Sort and guess

2) Do SVD on several subsets of F = fguess Fsort
and

3) Find all valid solutions fvalid,i : α+β+T+O   100% ± 5% and ~ α,β, T, O     -2.5%

4) Use the new solution fsol = average(fvalid,i) as a new fguess

5) Repeat 2 – 4 until fsol fguess~

Selcon3

By repeating, Selcon3 ensures self-consistency in solutions

>
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CD spectrum analysis

DichroWeb server: A.J. Miles et al. Protein Science. 2021 doi: 10.1002/pro.4153
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CD spektrum analyse

Log-in

File with CD spectrum

Units and
wavelength range
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Three different (mathematical) methods:
Sort reference protein CD data and
compare to the measured  CD spectrum.

Please use all three methods and compare results.

Two of the methods should give comparable
amounts of  -helix, -sheet etc.

Reference CD data:
Collection of (SR)CD data of proteins with
known secondary  structure

SP175: Soluble proteins
SMP180: Membrane proteins
Data down to 175 and 180 nm, respectively.

CD spectrum analysis
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CD spectrum analysis: Example
Human osteopontin (hOPN)

Regular
Distorted
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Dichroweb also displays a calculated CD spectrum for comparison.

Human osteopontin (hOPN)

Typical spectrum for a highly unordered protein.

CD spectrum analysis: Example
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CD spectrum analysis: Example
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CD spectrum analysis: DichroWeb

If you like video tutorials, 
have a look at the 
YouTube channel

youtube.com/user/ThePcddb/videos
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CD spectrum analysis: BestSel

Another good option for secondary structure analysis is BestSel

https://bestsel.elte.hu/index.php

BestSel has more emphasis on different beta-sheet structures
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CD spectrum analysis: Good practice and limits

In the SP175 reference set, great care was taken to determine the concentrations

 Do the best to get a good concentration measurement. Within 5-10%

 You may scale your spectrum a bit up/down an check the results but large scale 

factors are not recommended

 Determine concentrations using multiple methods if absolute values are crucial.

Absolute secondary structure values are less reliable than relative values

 Absolute values should be taken with care. Use several methods and check how 

reliable/comparable they are

 If you have a series of CD spectra on the same sample under different conditions, 

the relative changes are generally more reliable

 Do not quote absolute values with many digits, even if the analysis program 

presents them to you


