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Peter Guntert

RegelmadBige Sekundarstrukturen

+ Eine regelmassige Sekundarstruktur ist dadurch
charakterisiert, dass mehrere aufeinanderfolgende AS die
gleiche Ruckgratskonformation aufweisen, d.h. dass die
Diederwinkel ¢ und y jeweils den gleichen Wert haben.

Sekundiirstruktur 0] s Wiﬁ;/mg Wasserstoftbriicken
Rechtshiindige o-Helix =57°  -47° 3.6 i—>i+4
Rechtshiindige 3,o-Helix =~ —49° -26° 3.0 i—i+3
Antiparalleles B-Blatt -139°  135° 23 i—>ji+l—>j-1,.
Paralleles [3-Blatt -119°  113° 23 i—=ji+l—j+1,..

2011-12-02



a~Helix

(a) (] (d)

= C'?’c-,’ g@ C'6 fcC

,‘_
Y
i
&
f‘-\W'ﬂWﬂmMﬂW
0
’ mﬁ
_‘ : w
g.
@- %
[e]
. ¢
\
I -4
oA
A

gy S
N S

-ﬁo—clm
m@_w
mno 2/
3
_A@\‘égf'
‘ﬂ
(el
TZ\ & &

—DQ.

Gemischt antiparalleles/paralleles p-Blatt
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L- und D-Aminosauren

R

L-Form D-Form
“CORN”

Unusual regular secondary structure:
Polytheonamide B

D-amino acids
A

Mil2  Tie4  Ties Tie8  Alad0 Ala12  Ala-14  Mth-i6  Ala-18  Tie-20 F C-terminus.
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Thr48  GIn46 Mms<44 Val42  Val40 Ala38 Val36 lle34 Gly32 Tie-30 lle28  Gly-26

B N-terminus

Cell interior

N-terminus.

Cc

A

Tles ., _

Ala12—

Ala-18

8 M
‘L#f{’&(»m-z? * many unnatural amino acids
Lt H ¢ « alternating D- and L- amino acids; repeating unit: 2 a.a.
vaqr;gﬁmaz « right-handed B3 helix, 6.3 residues per turn
b | » backbone H-bonds nearly parallel to the axis of the helix:

‘-/'k%&} o NH(i) - CO(i + 5) for odd i and NH(j) - CO(j - 7) for even j
° « side chains point toward exterior > hollow tubular structure
\J“i 2o s + pore diameter ~4 A

e  hydrophilic interior capable of permeating small ions

Thr-48-+

Eiermings T. Hamada et al. J. Am. Chem. Soc. 132, 1294112945 (2010)
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Nicht regelmasige Sekundarstrukturen

* Regelmassige Sekundarstruktur:
G = @1 =Puo= o UNd Wi P =P =

» Nicht regelmassige Sekundarstruktur:
Haufig auftretende lokale Strukturen mit
bestimmten Werten der Torsionswinkel

(D Wi)s (B 15 Wik 1)s (Div2s Wi 2) (Dinsr Wik a)

* Insbesondere Turns (tight-turns)

Hairpin Loops

B strand 2

Hairpin loop Hairpin loop
(] dt ® ;
284 ,3 loop A
20 ;Xﬁ strand | %smndz _“
Number :: i‘, v ) SE—
of loop 167 g £ t 3 = o
regions 24 ;é % Bstrand 1 B B strand 2
i -4 :
1 ) B strand | B
b

0 4 8 12 16 20 A

Number of residues
in loop region
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Type I and Type II Turns

b:Typell

a:Typel

Classical  tum Inverse  tum

Tight turns

Table 6.2 Structural Features of y and f§ Turns
Dihedral Angles of Central Residues (deg)®

Bend type biss Wity bira Witz
y
classical 70 to 85 =60 10 —70
inverse —70to —85 6010 70
B
1 — 60 =30 =90 0
I’ 60 30 90 0
11 —60 120 20 0
i 60 —120 — &0 0
1 =60 —30 —60 =30
1 60 30 60 30
v Any bend with two or more angles differing by > 40° from those
given here
v — 80 80 80 —80
v’ 80 — 80 —80 80
Via* =60 120 —90 0
Vib® =120 120 =60 0
vl Kink in chain created by yy = 1807, || < 60°; or |y, < 60°,
b, = 180°
Vil —60 =30 =120 120

= The central residue of a y turn is numbered i + 1; the two central residues of a §
turn are i + L and i + 2.

* The peptide bond between residues i + 1 and { + 2 is ¢is, and residue i + 2 is Pro.
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Aminosauren in Sekundarstrukturen

Allgemein:

Pro: keine H-Brlcke, stark eingeschrankter ¢ Winkel

Gly: konformativ freier im ungefalteten Zustand (Entropie!)
CB-verzweigte AS: konformative Einschrankung
H-Bruckenbildung mit Ruckgrat im ungefalteten Zustand
ungunstig

a-Helix:

— haufig: A,E,L>H, M, Q, W, V, F

— selten: G, P, Y, N

B-Faltblatt:

— haufig: M, V,1>>C,Y,F,Q,L T,W
—selten: E<<P,N,H, S, K

Turns:

— haufig: N, G, P, S
—selten:I,V,L,M, F

Relative Haufigkeiten der AS in
Sekundarstrukturen

Name P(a) P(b) P(turn)

* Relative Haufigkeiten der

. . Alanine 142 83

AS in den drei Arginine 93 93
Sekundarstrukturklassen ispartis Acid lg}; 3491
a-Helix, B-Blatt und Turn. . 20500 70 119
Glutamic Acid 151 037

. Glutamine 111 110

Erlal_xl?en zusammen mit Glycine 57 75
empirischen Regeln Histidine 100 87
Isoleucine 108 160

(z.B. Chou-Fasman) Loo oo 121 130
Vorhersage der Lysine 114 74
= Methionine 145 105
Sekundarstruktur Phenylalanine 113 138
Proline 57 55

* Zuverlassigkeit 50-60% perine m 5
Threonine 83 119

Tryptophan 108 137

Tyrosine 69 147

Valine 106 170

66
95
146
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Secondary Structure Prediction

+ Given a protein sequence a,a,...a,, secondary
structure prediction aims at defining the state of
each amino acid as being either H (helix), E
(extended = strand), or O (other) (Some methods
have 4 states: H, E, T for turns, and O for other).

» The quality of secondary structure prediction is
measured with a “3-state accuracy” score, or Q.
Q; is the percent of residues that match “reality”
(experimentally determined structure).

Q3 score for secondary structure prediction

ALHEASGPSVILFGSDVTVPPASNAEQAK Amino acid sequence
hhhhhoooo 000 ooooohhhhh Actual secondary structurg

ohhhoooo 00000 ooohhhhhh Q;=22/29=76%
(useful prediction)

hhhhhoooohhhhooohhhooooohhhhh Q3 =22/29 =76%

(terrible prediction)

* Q4 for random prediction is 33%.

» Secondary structure assignment in real proteins has
~10% uncertainty. Therefore, a “perfect” prediction would
have Q; = 90%.
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Chou-Fasman Parameter

AS | P, |Kase| AS | P, |Kasme || AS | P, |Kase| AS | P, | Kisse
Glu | 1.53 Met | 1.67 lle [1.00( I, | Ala [0.93] I,
Ala (1.45| H, | Val |1.65| H,; | Asp |0.98 Arg | 0.90
Leu | 1.34 Ile |1.60 Thr | 0.82 Gly [0.81]| i,
His | 1.24 Cys | 1.30 Ser |0.79| i, | Asp | 0.80
Met | 1.20 Tyr | 1.29 Arg | 0.79 Lys |0.74
Gln | 1.17 Phe | 1.28 Cys |0.77 Ser [0.72
Trp | 1.14 fa Gln | 1.23| hg || Asn | 0.73 b His | 0.71| b,
Val | 1.14 Leu | 1.22 Tyr | 0.61 “ | Asn [0.65
Phe | 1.12 Thr | 1.20 Pro | 0.59 Pro | 0.62
Lys [1.07| I, | Trp | 1.19 Gly |0.53 B Glu | 0.26 | B

Chou-Fasman rules for secondary
structure prediction (simplified)

Predicting helices:
1.Find nucleation site: 4 out of 6 contiguous residues with P(a) > 1.

2.Extension: extend helix in both directions until a set of 4 contiguous
residues has an average P(a) < 1 (breaker).

3.If average P(a) over whole region is >1, it is predicted to be helical.

Predicting strands:
1.Find nucleation site: 3 out of 5 contiguous residues with P(8) > 1.

2.Extension: extend strand in both directions until a set of 4 contiguous
residues has an average P(B) < 1 (breaker).

3.1f average P() over whole region is >1, it is predicted to be a strand.

http://fasta.bioch.virginia.edu/fasta_www2/fasta_www.cgi?rm=misc1

P.Y. Chou and G.D. Fasman (1978). Empirical predictions of protein conformation. Ann. Rev. Biochem. 47: 251-276
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Chou-Fasman Regeln fiir
Sekundarstrukturvorhersage

1. A cluster of four helical residues (H, or h,) out of six residues along the protein
sequence will nucleate a helix, with weak helical residues (/,) counting as 0.5
h,. The helical segment is extended in both directions until a-tetrapeptide
breakers with {P_} < 1.00 are reached. Pro cannot occur in the inner helix or at
the C-terminal helical end. Pro, Asp, Glu and His, Lys, Arg are incorporated,
respectively, at the N- and C-terminal ends. Any segment with {P,} >= 1.03 as
well as {P.} > {Pg} is predicted as helical.

2. A cluster of three B formers (Hjg or hg) out of five residues along the protein
sequence will nucleate a B-sheet. The B-sheet is extended in both directions
until B-tetrapeptide breakers with {F;} < 1.00 are reached. Any segment with
{Pg} >= 1.05 as well as {Pg} > {P,} is predicted as -sheet.

3. When regions in proteins contain both a- and B-forming residues, the
overlapping region is helical if {P } > {Pg}, or B-sheet if {Pg} > {P,}.

4. The probability of bend occurence at residue i is calculated from p; = f; x f,; x
f..» X f.3 with the aid of a Table of the conformational parameters for 3-turn
formation. The average probability of B-turn occurence is {p;} = 0.55 x 10-.
Tetrapeptides with p; > 0.75 x 10+ as well as {P} > 1.00 and {P,} < {P} > {Pg}
are selected as probable bends.

P.Y. Chou and G.D. Fasman (1978). Empirical predictions of protein conformation. Ann. Rev. Biochem. 47: 251-276

Verteilung der Aminosauretypen

hydrophobe AS geladene AS
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Neural networks and secondary
structure prediction

Experience from Chou and Fasman and related methods has shown that:

*In predicting the conformation of a residue, it is important to consider a
window around it.

*Helices and strands occur in stretches

*It is important to consider multiple sequences

Modern algorithms take these considerations into account, and predict
secondary structure using an artificial neural network.

- Accuracy Q; = 65-80%

Examples:

*PHD algorithm: http://www.predictprotein.org/

Rost, B. and Sander, C. Improved prediction of protein secondary structure by use of
sequence profiles and neural networks. Proc. Natl. Acad. Sci. USA 90, 7558-7562 (1993)

*PSIPRED: http://bioinf.cs.ucl.ac.uk/psipred/

Jones, D. T. Protein secondary structure prediction based on position specific scoring
matrices. J. Mol. Biol. 292, 195-202 (1999)

P 1 profile table

GSAPD NT EKQC VHIR LM YFW
5. e iR saa e

<=0
<m0

PHD algorithm

for secondary
structure

TTGErTT <—=0
UwoomsT

prediction

HO NZ<OTUTUOUmMTD <=<0

L Te-O YR<OZOVOOM>TUO <M=

mRAD WE—ZOITOOLmTT
mEHO VR<OZ

SEO6 SO S0Z

* Sequence-Structure network: for each amino acid a, ki L e
a window of 13 residues a;_g ... a;... g, ¢ is considered. B wlinhe SRl
The corresponding rows of the sequence profile are fed into the neural network.

The output is 3 probabilities for a;: P(a;,a), P(a;,B) and P(a;c) (c = coil = others)

* Structure-Structure network: For each a, PHD considers now a window of 17

residues; the probabilities P(a,,a), P(a,,B) and P(a,,c) for kin [j — 8, j + 8] are fed into the
second layer neural network, which again produces probabilities that residue a; is in each

of the 3 possible conformation.

» Jury system: PHD has trained several neural networks with different training sets; all
neural networks are applied to the test sequence, and results are averaged.

» Prediction: For each position, the secondary structure with the highest average score is

output as the prediction.

Rost, B. and Sander, C. Proc. Natl. Acad. Sci. USA 90, 7558-7562 (1993)
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Darstellung von Proteinstrukturen

Methoden:

*Dreidimensionale Modelle aus Metall, Kunststoff usw.: Guter 3D
Eindruck, aber sehr aufwendig zu bauen. Unflexibel.

Interaktive Computergrafik mit Stereoeffekt: Guter 3D Eindruck,
aufwendige Technik.

*2D Computergrafik: 3D Eindruck durch Drehung des Molekils in
Echtzeit, Tiefenstaffelung, Schattierung, Perspektive usw.
«Zweidimensionale Darstellungen auf Papier: Statisch. Stereoeffekt
moglich mit Hilfe zweier nebeneinander stehender Bilder, von denen
eines vom rechten, das andere vom linken Auge betrachtet wird.

Was wird dargestellt?

*CPK Modell: Atome als Kugeln mit Radius, der dem van der Waals Radius
entspricht. Guter Eindruck fur Raumfillung und Oberflachen, aber kein Einblick ins
Innere des Proteins; Verlauf der Polypeptidkette ist schwierig bis unméglich zu
verfolgen.

*Ball-and-Stick Modell: Atome als kleine Kugeln, chemische Bindungen als diinne
Zylinder. Detailgenauigkeit, wenn ein kleiner Teil des Proteins dargestellt wird; fiir
ganze Proteine zu komplexe Bilder.

sLinienmodell: Chemische Bindungen als Linien. Einfach, “durchsichtig”
(Proteininneres sichtbar), bei Darstellung aller Atome unibersichtlich, sinnvoll z.B.
bei Darstellung nur des Riickgrats, geeignet fiir Uberlagerungen bei
Strukturvergleichen.

*Oberflichendarstellung: Wasserzugangliche Oberflache, die erzeugt wird, indem
eine Kugel mit der Grdsse eines Wassermolekiils auf den Oberflachenatomen des
Proteins abgerollt wird. Oft entsprechend des elektrostatischen Potenzials eingefarbt.
Erlaubt Identifikation von Bindungstaschen und positiv/inegativ geladener ,Patches®.
*Schematische Diagramme: z.B. Helices als Spiralen oder Zylinder, 3-Strange als
flache Pfeile, Loops als “Schlauche”. Eingefiihrt von Jane Richardson 1981;
urspriinglich von Hand gezeichnet, heute mit dem Computer herstellbar. Guter
Uberblick iiber die Sekundérstruktur und die Faltung auch ohne Stereoeffekt.
*Topologiediagramme: Zweidimensionale Darstellung der B-Blatt Topologie.
Einfache, schematische Wiedergabe des Aufbaus von B-Blattern: Anzahl B-Strange,
deren relative Richtung, parallel oder antiparallel, und deren Verkniipfung
untereinander. Keine Information Uber die 3D Struktur.

6%
Lysozym

2011-12-02
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Helix-turn-helix motif

EF-Hand

= N

B-hairpin
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Greek key motif

B-o-p-Motiv

2011-12-02

14



Rechts- und linkshandiges B-a- Motiv

Literatur
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