Protein 2° Structure

Chou-Fasman Algorithm

« Conformational parameters
for every amino acid (AA):

P(a) = propensity in an alpha helix

P(b) = propensity in a beta sheet

P(turn) = propensity in a turn

Based on observed propensities in proteins of known structure



Secondary Structure Data

P03372 (ESR1_HUMAN) = Reviewed, UniProtKB/Swiss-Prot
Last modified August 10, 2010. Version 164. £ History...

© = Clusters with 100%, 90%, 50% identity |

Names and origin

Protein names

Gene names

Organism

Taxonomic identifier

Documents (8) | | Third-party data

Recommended name:
Estrogen receptor
Short name=£en
Alternative name(s):
Estradiol receptor
ER-alpha
Muclear receptor subfamily 3 group A member 1

Mame: ESR1
Synonyms:ESR, NR3A1

Homo sapiens (Human) [Complete proteome]

9606 [NCEI)
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DATABASE of Protein Structures
10 proteins
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Proportions

Lysines:
Total number of Lysines in all 10 proteins =100
Number of Lysines in alpha helices =80
Number of Lysines in beta sheets =15
Number of Lysines in Turns =5

Observed (in helices) =.80
Expect (at random) =.33
Propensity =.80/.33 = 2.42 (*100 = 242)

Beta Sheets?
Turns?



Chou-Fasman Algorithm

Secondary Structure Propensities

The “propensity” foran amino acid, 1, to adopt the helical conformation can be
calculated from the database of lmowm structures as follows:

p i= %o of residues of type in o-helix
“ % of all residues in a-helix
e.g. foralanine

Total munber of alanine in databaze= 2000

Total mumber of all residue types in databasze = 20,000
Mutnber of alanines which ocour in helices = 500
Mumber of all residue types in helices = 5,000

pas 50072000 _;p
5000/20000

sitmilarly alanine propensity for beta-structure can be calculated as foll owes:
p.i- %o of residues of type in B-strand
%0 of all residues in p-sirand

These amino acid propensties can then be used to predict the secondary structure

of new protein SeqUence. . yr oo v md David Gilbert, 2002 13



Chou-Fasman Algorithm

Identify alpha helices as follows:

STEP 1:
Find 4 out of 6 aa residues with P(a) > 100 (Window

Size 6)

STEP 2:
Extend to the Right (not left) until 4 contiguous resides
with P(a) < 100 encountered. DO NOT INCLUDE

THESE LAST FOUR IN THE HELIX.

STEP 3:
For each region in part 2, compute XP(a) and ZP(b).

STEP 4:
If region > 5 AAs In length and XP(a) > XP(b) then it Is

an alpha helix.



Chou-Fasman Algorithm

S PAS EASDGQ SVSV TABLE 7.1 The Chou-Fasman parameters for the 20 common amino acids.

\ Amino acid P(a) P(b) P(turn) fi) fli+1)  fli+2)  fli+3)
P(a) P(b) A Alanine 142 83 66 0.06 0.076  0.035  0.058
g. 77 75 R Arginine 98 93 95 0.070  0.106 0.099  0.085
Asparagine 67 89 156 0.161 0.083 0.191 0.091
P: 55 55 i o= i
D Aspartic acid 101 54 146 0.147  0.110 0.179 0.081
A: 142 383 C Cysteine 70 119 119 0149 0050  0.117  0.128
S: 77 E Glutamic acid 151 37 74 0.056  0.060 0.077 0.064
Q Glutamine 111 110 98 0.074 0.098 0.037 0.098
SPASEASDGQFETTY G CGlycine 57 7.5 156 0.102 0.085 0.190 0.152
H Histidine 100 87 95 0.140  0.047 0.093 0.054
J I Isoleucine 108 160 47 0.043 0.034 0.013 0.056
L .
P (a) P (b) Leucine 121 130 59 0.061 0.025 0.036 0.070
K Lysine 114 74 101 0.055 0115  0.072 0.095
E: 151 37 M Methionine 145 105 60 0.068 0.082  0.014  0.055
A: 142 83 F  Phenylalanine 113 138 60 0.059 0.041  0.065  0.065
5. 77 75 P Proline 57 55 152 0.102  0.301 0.034  0.068
S Seri . ; ; :
D: 101 54 Serine 77 75 143 0120 0.139  0.125 0.106
T Threonine 83 119 96 0.086  0.108 0.065 0.079
G: 57 W Tryptophan 108 137 96 0.077 0.013  0.064  0.167
Q: 111 Y Tyrosine 69 147 114 0.082 0.065  0.114 0.125
V Valine 106 170 50 0.062 0.048  0.028 0.053

1) 4 of 6, P(a) > 100
2) Extend RIGHT until 4 contiguous

Residues have P(a) < 100 Find potential alpha helix:
3) Calculate ZP(a) and ZP(b). Is ZP(a) >

ZP(b)? (Do Not Include last 4 in MFCTYYGNNGEHIEILMM

sum)



Chou-Fasman Algorithm

S PAS EASDGQ SVSV TABLE 7.1 The Chou-Fasman parameters for the 20 common amino acids.

Amino acid P(a) P(b) P(turn) fi) fli+1)  fli+2)  fli+3)

P(a) P(b) A Alanine 142 83 66 0.06 0.076  0.035  0.058
g. 77 75 R Arginine 98 93 95 0.070  0.106 0.099 0.085
p. 55 55 N Asparalgme‘ 67 89 156 0.161 0.083 0.191 0.091

D Aspartic acid 101 54 146 0.147  0.110 0.179 0.081

A: 142 83 C Cysteine 70 119 119 0.149  0.050 0.117 0.128
S: 77 E Glutamic acid 151 37 74 0.056  0.060 0.077 0.064
Q Glutamine 111 110 98 0.074 0.098 0.037 0.098

SPASEASDGQFETTY G CGlycine 57 7.5 156 0.102 0.085 0.190 0.152
H Histidine 100 87 95 0.140 0.047 0.093 0.054

I Isoleucine 108 160 47 0.043 0.034 0.013 0.056

P(a) P(b) L Leucine 121 130 59 0.061 0.025 0.036 0.070

K Lysine 114 74 101 0.055  0.115 0.072 0.095

E: 151 37 M Methionine 145 105 60 0.068  0.082 0.014 0.055
A: 142 83 F  Phenylalanine 113 138 60 0.059  0.041 0.065  0.065
5. 77 75 P Proline 57 55 152 0.102  0.301 0.034 0.068
D: 101 54 S Serine 77 75 143 0.120  0.139 0.125 0.106
T Threonine 83 119 96 0.086  0.108 0.065 0.079

G: 57 W Tryptophan 108 137 96 0.077  0.013 0.064 0.167
Q: 111 Y Tyrosine 69 147 114 0.082 0.065  0.114 0.125
V Valine 106 170 50 0.062  0.048 0.028 0.053

1) 4 of 6, P(a) > 100
2) Extend RIGHT until 4 contiguous

Residues have P(a) < 100 Find potential alpha helix:
3) Calculate ZP(a) and ZP(b). Is ZP(a) >

ZP(b)? (Do Not Include last 4 in MFCTYYBNNGEHIELDM

sum)




Chou-Fasman Algorithm

S PAS EASD GQ SVSV TABLE 7.1 The Chou-Fasman parameters for the 20 common amino acids.

\ Amino acid P(a) P(b) P(turn) fi) fli+1)  fli+2)  fli+3)

P(a) P(b) A Alanine 142 83 66 0.06 0.076  0.035  0.058
g. 77 75 R Arginine 98 93 95 0070 0.106  0.099  0.085
. N Asparagine 67 89 156 0.161 0.083 0.191 0.091
P: 55 55 D Aspartic acid 101 54 146 0.147  0.110 0.179 0.081
A: 142 83 C Cysteine 70 119 19 0149  0.050  0.117  0.128
S: 77 E Glutamic acid 151 37 74 0.056  0.060 0.077 0.064
Q Glutamine 111 110 98 0.074 0.098 0.037 0.098

SPASEASDGQFETTY E G!)/c_infe 57 7.5 156 0.102 0.085 0.190 0.152
Histidine 100 87 95 0.140 0.047 0.093 0.054

J I Isoleucine 108 160 47 0.043 0.034 0.013 0.056

P(a) P(b) L Leucine 121 130 59 0.061  0.025 0.036 0.070

K Lysine 114 74 101 0.055 0115  0.072 0.095

E: 151 37 M Methionine 145 105 60 0.068 0.082  0.014  0.055
A: 142 83 F  Phenylalanine 113 138 60 0.059 0.041  0.065  0.065
5. 77 75 P Proline 57 55 152 0.102  0.301 0.034  0.068
) S Serine 77 75 143 0120 0.139  0.125 0.106
D: 101 54 T Threonine 83 119 96 0.086 0.108  0.065 0.079
G: 57 W Tryptophan 108 137 96 0.077 0.013  0.064  0.167
Q: 111 Y Tyrosine 69 147 114 0.082 0.065  0.114 0.125
1) 4 of 6, P(a) > 100 V Valine 106 170 50 0.062  0.048 0.028 0.053

2) Extend RIGHT until 4 contiguous
Residues have P(a) < 100 ) ) .
(If you find 4 < 100, do not include thesein F'1 Nd potentlal alpha helix:

calculation.

3) Calculate P(a) and ZP(b). Is ZP(a) > ZP(b)? MFCTYYGNNGEHIE‘L]\J]M




Chou-Fasman Algorithm

S PAS EASDGQ SVSV TABLE 7.1 The Chou-Fasman parameters for the 20 common amino acids.

\ Amino acid P(a) P(b) P(turn) fi) fli+1)  fli+2)  fli+3)

P(a) P(b) A Alanine 142 83 66 0.06 0.076  0.035  0.058
g. 77 75 R Arginine 98 93 95 0.070 0106  0.099  0.085
. N Asparagine 67 89 156 0.161 0.083 0.191 0.091
P: 959 55 D Aspartic acid 101 54 146 0.147  0.110 0.179 0.081
A: 142 383 C Cysteine 70 119 119 0149 0050  0.117  0.128
S: 77 E Glutamic acid 151 37 74 0.056  0.060 0.077 0.064
Q Glutamine 111 110 98 0.074 0.098  0.037  0.098

SPASEASDGQFETTY E G!)/c_infe 57 7.5 156 0.102 0.085 0.190 0.152
Histidine 100 87 95 0.140 0.047 0.093 0.054

J I Isoleucine 108 160 47 0.043 0.034 0.013 0.056

P(a) P(b) L Leucine 121 130 59 0.061  0.025 0.036 0.070

K Lysine 114 74 101 0.055 0115  0.072 0.095

E: 151 37 M Methionine 145 105 60 0.068 0.082  0.014  0.055
A: 142 83 F  Phenylalanine 113 138 60 0.059 0.041  0.065  0.065
5. 77 75 P Proline 57 55 152 0.102  0.301 0.034  0.068
) S Serine 77 75 143 0120 0.139  0.125 0.106
D: 101 54 T Threonine 83 119 96 0.086 0.108  0.065 0.079
G: 57 W Tryptophan 108 137 96 0.077 0.013  0.064  0.167
Q: 111 Y Tyrosine 69 147 114 0.082 0.065  0.114 0.125
1) 4 of 6, P(a) > 100 V Valine 106 170 50 0.062  0.048 0.028 0.053

2) Extend RIGHT until 4 contiguous
Residues have P(a) < 100

(If you find 4 < 100, do not include these in EXtend R|ght 9 4 P(a)’s <IOO?

calculation.

3) Calculate P(a) and ZP(b). Is ZP(a) > ZP(b)? MFCTYYGNNGE HI ELMM




Chou-Fasman Algorithm

S PAS EASDGQ SVSV TABLE 7.1 The Chou-Fasman parameters for the 20 common amino acids.

\ Amino acid P(a) P(b) P(turn) fi) fli+1)  fli+2)  fli+3)
P(a) P(b) A Alanine 142 83 66 0.06 0.076  0.035  0.058
g. 77 75 R Arginine 98 93 95 0.070  0.106 0.099  0.085
. N Asparagine 67 89 156 0.161 0.083 0.191 0.091
P: 959 55 D Aspartic acid 101 54 146 0.147  0.110 0.179 0.081
A: 142 383 C Cysteine 70 119 119 0.149  0.050  0.117 0.128
S: 77 E Glutamic acid 151 37 74 0.056  0.060 0.077 0.064
Q Glutamine 111 110 98 0.074 0.098  0.037  0.098
SPASEASDGQFETTY G Glycine 57 75 156 0.102 0.085 0.190 0.152
H Histidine 100 87 95 0.140  0.047 0.093 0.054
J I Isoleucine 108 160 47 0.043 0.034 0.013 0.056
P(a) P(b) L Leucine 121 130 59 0.061  0.025 0.036 0.070
K Lysine 114 74 101 0.055  0.115 0.072 0.095
E: 151 37 M Methionine 145 105 60 0.068 0.082  0.014  0.055
A: 142 83 F  Phenylalanine 113 138 60 0.059 0.041  0.065  0.065
5. 77 75 P Proline 57 55 152 0.102  0.301 0.034  0.068
) S Serine 77 75 143 0.120  0.139 0.125 0.106
D: 101 54 T Threonine 83 119 96 0.086  0.108 0.065 0.079
G: 57 W Tryptophan 108 137 96 0.077  0.013 0.064 0.167
Q: 111 Y Tyrosine 69 147 114 0.082 0.065 0114  0.125
1) 4 of 6, P(a) > 100 V Valine 106 170 50 0.062  0.048 0.028 0.053
2) Extend RIGHT until 4 contiguous
Residues have P(a) < 100 .
(If you find 4 < 100, do not include these in EXtend nght 9

calculation.

3) Calculate P(a) and ZP(b). Is ZP(a) > ZP(b)? MFCTYYGMNGEH I ELI\M




Chou-Fasman Algorithm

S PAS EASDGQ SVSV TABLE 7.1 The Chou-Fasman parameters for the 20 common amino acids.

\ Amino acid P(a) P(b) P(turn) fi) fli+1)  fli+2)  fli+3)

P(a) P(b) A Alanine 142 83 66 0.06 0.076  0.035  0.058
g. 77 75 R Arginine 98 93 95 0.070 0106  0.099  0.085
. N Asparagine 67 89 156 0.161 0.083 0.191 0.091
P: 959 55 D Aspartic acid 101 54 146 0.147  0.110 0.179 0.081
A: 142 383 C Cysteine 70 119 119 0149 0050  0.117  0.128
S: 77 E Glutamic acid 151 37 74 0.056  0.060 0.077 0.064
Q Glutamine 111 110 98 0.074 0.098  0.037  0.098

SPASEASDGQFETTY E G!)rc_infe 57 7.5 156 0.102 0.085 0.190 0.152
Histidine 100 87 95 0140  0.047  0.093 0.054

J I Isoleucine 108 160 47 0.043 0.034 0.013 0.056

P(a) P(b) L Leucine 121 130 59 0.061  0.025 0.036 0.070

K Lysine 114 74 101 0.055 0115  0.072 0.095

E: 151 37 M Methionine 145 105 60 0.068 0.082  0.014  0.055
A: 142 83 F  Phenylalanine 113 138 60 0.059 0.041  0.065  0.065
5. 77 75 P Proline 57 55 152 0.102  0.301 0.034  0.068
) S Serine 77 75 143 0120 0.139  0.125 0.106
D: 101 54 T Threonine 83 119 96 0.086 0.108  0.065 0.079
G: 57 W Tryptophan 108 137 96 0.077 0.013  0.064  0.167
Q: 111 Y Tyrosine 69 147 114 0.082 0.065  0.114 0.125
1) 4 of 6, P(a) > 100 V Valine 106 170 50 0.062  0.048 0.028 0.053

2) Extend RIGHT until 4 contiguous
Residues have P(a) < 100

(If you find 4 < 100, do not include these in ZP(a) = ZP(b) =

calculation.

3) Calculate =P(a) and ZP(b). Is =P(a) > ZP(b)? MFCTYYGNNGEHIEILMM




In class Chou-Fasman
calculation



Chou-Fasman Algorithm

S PAS EASDGQ SVSV TABLE 7.1 The Chou-Fasman parameters for the 20 common amino acids.

\ Amino acid P(a) P(b) P(turn) fi) fli+1)  fli+2)  fli+3)

P(a) P(b) A Alanine 142 83 66 0.06 0.076  0.035  0.058
g. 77 75 R Arginine 98 93 95 0.070 0106  0.099  0.085
. N Asparagine 67 89 156 0.161 0.083 0.191 0.091
P: 959 55 D Aspartic acid 101 54 146 0.147  0.110 0.179 0.081
A: 142 383 C Cysteine 70 119 119 0149 0050  0.117  0.128
S: 77 E Glutamic acid 151 37 74 0.056  0.060 0.077 0.064
Q Glutamine 111 110 98 0.074 0.098  0.037  0.098

SPASEASDGQFETTY E G!)/c_infe 57 7.5 156 0.102 0.085 0.190 0.152
Histidine 100 87 95 0.140 0.047 0.093 0.054

J I Isoleucine 108 160 47 0.043 0.034 0.013 0.056

P(a) P(b) L Leucine 121 130 59 0.061  0.025 0.036 0.070

K Lysine 114 74 101 0.055 0115  0.072 0.095

E: 151 37 M Methionine 145 105 60 0.068 0.082  0.014  0.055
A: 142 83 F  Phenylalanine 113 138 60 0.059 0.041  0.065  0.065
5. 77 75 P Proline 57 55 152 0.102  0.301 0.034  0.068
) S Serine 77 75 143 0120 0.139  0.125 0.106
D: 101 54 T Threonine 83 119 96 0.086 0.108  0.065 0.079
G: 57 W Tryptophan 108 137 96 0.077 0.013  0.064  0.167
Q: 111 Y Tyrosine 69 147 114 0.082 0.065  0.114 0.125
1) 4 of 6, P(a) > 100 V Valine 106 170 50 0.062  0.048 0.028 0.053

2) Extend RIGHT until 4 contiguous
Residues have P(a) < 100

(If you find 4 < 100, do not include these in ZP(a) — 1045 ZP(b) — 825

calculation.

3) Calculate =P(a) and ZP(b). Is =P(a) > ZP(b)? MFCTYYGNNGEHIEILMM




C-F for Beta-Sheet

TABLE 7.1 The Chou-Fasman parameters for the 20 common amino acids.

Now Calculate Beta-sheet on

Amino acid P(a) P(b) P(turn) fi) fli+1)  fli+2)  fli+3)
Same sequence.

A Alanine 142 83 66 0.06 0.076 0.035 0.058

1) 4 of 6, P(b) > 100 R Arginine 98 93 95 0.070 0.106 0.099 0.085
2) Extend RIGHT until 4 contiguous N Asparagine 67 89 156 0.161 0.083 0.191 0.091
Residues have P(b) < 100 D Aspartic acid 101 54 146 0.147 0110  0.179  0.081
(|fy0u find 4 < 100, do not include these in C Cysteine 70 119 119 0.149 0.050 0.117 0.128
calculation. E Glutamic acid 151 37 74 0.056 0.060 0.077 0.064

3) Calculate ZP(a) and ZP(b)_ Q Glutamine 111 110 98 0.074 0.098 0.037 0.098
4) If ZP(b) > £P(a), then region is beta-sheet G Glycine 57 75 156 0102  0.085 0.190 0.152
H Histidine 100 87 95 0.140  0.047 0.093 0.054

Isoleucine 108 160 47 0.043 0.034 0.013 0.056

Leucine 121 130 59 0.061 0.025 0.036 0.070
Lysine 114 74 101 0.055 0.115 0.072 0.09S5
Methionine 145 105 60 0.068 0.082 0.014 0.055
Phenylalanine 113 138 60 0.059 0.041 0.065 0.065
Proline 57 55 152 0.102 0.301 0.034 0.068
Serine 77 75 143 0.120 0.139 0.125 0.106
Threonine 83 119 96 0.086 0.108 0.065 0.079
Tryptophan 108 137 926 0.077 0.013 0.064 0.167
Tyrosine 69 147 114 0.082 0.065 0.114 0.125
Valine 106 170 50 0.062 0.048 0.028 0.053

Try on same sequence:

MFCTYYGNNGEHIELMM
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Regions of Overlap

* What if the alpha-helical and beta-sheet
regions overlap?

 OVERLAP RULE:
— If ZP(a) > ZP(b), then = Alpha-helix
— If ZP(b) > ZP(a), then = Beta-Sheet

TEST YOURSELF
What is the overlap region on sequence below?
According to the Overlap Rule, is it Alpha or Beta?

MFCTYYMONGEHIELMM



